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XICOR NOVRAM FAMILY, 
EASIER THAN EVER TO USE 

BY GEORGE LANDERS 
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Introduction 

The purpose of this application note is to take the 
user through the internat operation of NOVRAMs as 
well as their external operation. These devices are find- 
ing their way into many diverse applications due to 
their ease of use. The major features of the XICOR 
family of NOVRAMs are 1 ) only 5 volts is required for all 
operations including programming, 2) only TTL signals 
are required and 3) all pulse widths are short (< 450 ns). 

Basically a NOVRAM is a memory device that has a 
static RAM overlaid with an EEPROM (Electrically Eras- 
able Programmable ROM). The operation of the RAM is 
identical with other popular static RAMs such as the 
2102A and the 21 14. Figure 1 shows the block diagram 
ofthe XICOR NOVRAM family. NOVRAMs have CS and 
WE pins in common with their Standard static RAM 
cousins but also hav e two additio nal c ontrol pin s: 
STORE and RECALL. The STORE and RECALL pins 
control movement of data between the RAM and the 
EEPROM. 



NONVOLATILE - 
E PROM 
ME MOR V 
ARRAY 



STATIC RAM 
MEMORY ARRAY 




Figure 1) Block diagram of the XICOR NOVRAM family. 



The STORE pin is used to transfer the contents of 
the RAM to the EEPROM in a single operation. The 
entire contents of the RAM are transferred with one 
STORE operation. After a STORE operation is com- 
pleted the original data is still in the RAM as well as 
the EE PROM. 

The RECALL pin is used to transfer the contents 
of the EEPROM back to the RAM. When this is done, 
whatever data were in the RAM prior to the RECALL 



operation are totally replaced by the contents of the 
EEPROM. The STORE and RECALL operations function 
on the entire contents of the memory and not on a 
word by word basis. After either operation the contents 
of both the RAM and the EEPROM will be the same. 

This may seem too good to be true; however, with 
XICOR's family of NOVRAMs the life of the systems 
designer is made even easier. Only a single five volt 
power supply is required for all operations including the 
STORE and RECALL operations. All addresses, data 
lines and control pins are TTL compatible and all pulse 
widths are short enough that most microprocessors do 
not require wait states. There are no high voltages or 
long pulse widths required which will inhibit the design- 
er f rom designing a system with clean operation. 



Technology 



The XICOR NOVRAM stores its nonvolatile data 
during periods of power off by the absence or presence 
of charges on floating polysilicon gates. This is the 
same structure that is widely used in UV-EPROMS. The 
floating gate is an island of polysilicon surrounded by 
oxides with thicknesses of about 800 A°. Charge can 
be injected or removed from the floating gate by apply- 
ing elèctric fields of sufficient strength to cause elec- 
tron tunneling through the oxides. At normal field 
strengths the charges are permanently trapped on 
the floating gate even when power is removed. 

The XICOR family of NOVRAMs uses three layers of 
polysilicon; the second layer is the floating gate. This 
structure employs a phenomenon known as Fowler- 
Nordheim tunneling. This form of tunneling is described 
in Vol. 40 No. 1 (Jan. 1969, pg. 278) of the Journal of 
Applied Physics and Vol. 27 No. 9 (Nov. 1975, pg. 505) 
of the Applied Physics Letters. In XICOR NOVRAMs 
this tunneling is enhanced by the use of textured poly- 
silicon surfaces to generate higher field strengths at 
the surface to enhance electron injection into the 
oxide. The alternative to field enhancement by textured 
surfaces is to use ultrathin oxide layers in order to 
conduct the charge. The use by XICOR of Standard 
oxide thickness gives XICOR a very manufacturable 
product, thus ensuring its low cost and volume delivery. 

Figure 2. shows the circuit of the NOVRAM celi con- 
taining a conventional 6 transistor static RAM celi and 
a floating gate EEPROM celi with 2 additional transistors 
to control the action of data transfer. The floating gate 
(POLY 2) is connected to the rest of the circuit only 
through capacitance. Electrons are moved to the float- 
ing gate by tunneling from POLY 1 to POLY 2 and 
removed by tunneling from POLY 2 to POLY 3. 

The capacitance ratios are the key to the operation 
of the transfer of data from RAM to EEPROM. If node 



N1 is LOW, transistor Q7 is turned OFF. This allows the 
junction between CC2 and CC3 to f loat. Since the com- 
bined capacitance of CC2 and CC3 are larger than CP 
the floating gate follows the Internal Store Voltage 
node. When the voltage on the floating gate is high 
enough electrons are tunneled from POLY 1 to POLY 2 
and the floating gate is negatively charged. 
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Figure 2) Circuit diagram of a NOVRAM celi. 

If node N1 is HIGH, transistor Q7 is turned ON which 
grounds the junction between CC2 and CC3. Since CC2 
is larger than CE, CC2 holds the floating gate near 
ground when the Internal Store Voltage node is pulled 
HIGH. This creates a sufficient field between POLY 2 
and POLY 3 to tunnel electrons away from the floating 
gate leaving it with a positive charge. 

The RECALL operation also takes advantage of 
capacitance ratios. The value of C2 in Figure 2 is larger 
than that of C1 . When the external RECALL command 
is received, the internal power supply, VCCA, is first 
pulled LOW to equalize the voltage on N1 and N2. 
When the internal power node is allowed to rise, the 
node which has the lighter loading will rise more rapidly 
and the gain of the flip-flop will cause it to latch HIGH 
and the opposite node to latch LOW. If the floating gate 
has a positive charge C2, is connected to N2 through 
Q8 and N2 will latch LOW. If the floating gate has a 
negative charge Q8, is turned OFF and N1 will have the 
heavier loading. 

The Xicor NOVRAM Family 

XICOR's family of NOVRAMs contains three 
members with identical operating characteristics. The 
three parts offer the designer a choice of memory 
organization. The X2201A, X2210 andX2212 are organ- 
ized 1024 x 1, 64 x 4 and 256 x 4 respectively. All three 
devices are packaged in 18 pin DIPs with 300 mil 



centers. Figure 3 shows the pin configuration of the 
three different NOVRAMs. 
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Figure 3) Pin configuration of the XICOR NOVRAM family. 

The only functional difference between the three 
devices is that the X2201 A has separate Data l/O lines 
while the two 4 bit wide parts have common l/O. Addi- 
tionally, the X2210 and the X2212 are pin compatible. 
The two unused pins on the X2210 are used for the two 
higher order add r ess es on the X2212. The control pins 
STORE, RECALL, CS and WE operate identically on all 
three parts. 



Write Operation 



The WRITE operation is initiated by applying vàlid 
addresses followed by both CS and WE going LOW. On 
the 300ns version access time version, at least one of 
these two signals must remain HIGH until the address- 
es are vàlid. CS and WE must remain LOW simulta- 
neously for 100ns. 

An easy way to look at this is to consider the internal 
writ e command as the simultaneous LOW of CS and 
WE. The internal write command is started by the last 
edge down and terminated by the first edge up. Vàlid 
addresses must overlap this internal write command. 
Data mus t be referenced to the first positive edge of 
CS or WE. The timing required for writing to the RAM is 
shown in Figure 4. 
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Figure 4) Timing diagram for Writing to the RAM. 
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Read Operation 



The READ operation is the easiest of the four oper- 
ations performed by the NOVRAM. In the case of the 

300ns access time version, data will be vàlid at the 

outputs 300ns after vàlid addresses or 200ns after CS 
goes LOW, whichever is later. 



address during an interrupted WRITE cycle would be 
indeterminate. 

During the 10ms of the STORE operation the 
NOVRAM should not be accessed for any other opera- 
tion as it would not be known if the infernal STORE 
operation was completed or not. If the internal STORE 
operation was completed before the 10ms and another 
operation command was entered, that command would 
be executed. However, if the internal STORE operation 
was not completed and another operation command 
was received, the later command would be ignored. 
During the STORE operation the outputs of the 
NOVRAM are in the floating state. 



Figure 5) Timing diagram for Reading from the RAM. 

Store Operation 

The STORE operation is initiated by the application 
of an ac tive LOW TTL pulse of 100ns or greater on the 
STORE pin. As long as the power supply remains within 
its specification for 10ms after the beginning of the 
STORE pulse the contents of the RAM will have been 
transferred to the EEPROM in total. The STORE oper- 
ation cannot be terminated once initiated except by 
removing the power supply. This can not be counted 
upon to rapidly terminate the STORE operation since 
the user cannot determine how far the STORE opera- 
tion the device has progressed. Additionally, if the 
power supply drops below the specification during the 
10ms the integrity of the STORE operation is not 
assured. Figure 6 shows the timing diagram for trans- 
ferring data from the RAM to the EEPROM. 



Recali Operation 



The RECALL operation is initiated by the application 
of an act ive LOW TTL pulse of 450ns or greater on the 
RECALL pin. The positive going edge of this pulse 
determines when it is possible to read data from the 
RAM. Vàlid data from the RAM can be viewed on the 
outputs o f the NOVRAM 750ns after the rising edge of 
RECALL or 300ns after application of vàlid addresses, 
whichever comes latest. FIGURE 7 shows the timing 
requirements for transferring data from the EEPROM 
to the RAM. 
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Figure 6) Timing diagram for the STORE operation where data is 
transferred from the RAM to the EEPROM. 



Figure 7) Timing diagram for the RECALL operation. 

The RECALL operation takes precedence over all 
other operations. RECALL will terminate a READ or 
WRITE cycle if applied in the middle of either cycle. 
The RECALL operation can take precedence over the 
STORE operation only if the RECALL command was 
received prior to the STORE command. 



The STORE operation takes precedence over all 
other operations except the RECALL operation. If the 
RECALL operation has b egun, an y STORE command 
is ignored as long as the RECALL pin remains LOW. 
Once the STORE operation has started, taking the 
RECALL pin LOW has no effect and the STORE opera- 
tion will be completed. If a READ or WRITE cycle is in 
progress when a STORE command is received, that 
cycle is terminated. The data in the selected RAM 



Hookingupthe NOVRAM 

Now that the bàsics of the four NOVRAM operations 
have been described, we may discuss using these 
unique parts in a system. Let's first discuss a system in 
in which we connect the NOVRAMs to a 6502. We'll 
assume that the system powers up and down cleanly. 
The problem of systems where this does not occur will 
be dealt with later. 
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The 6502 microprocessor uses memory space for 
l/O functions. The design uses one set of addresses for 
the READ and WRITE operations and other blocks of 
addresses to initiate the STORE and RECALL opera- 
tions. An APPLE II* computer was used as the 6502 
computer because it has address space already de- 
coded for l/O functions and convenient card slots to 
communicate with these decoder outputs. 

The RAM was placed in the address space starting 
at HEX address $C800 by connecting_pin 20 on the 
APPLE II peripheral connector to the CS on the 
NOVRAM. This pin is activated when any of the 2048 
bytes starting at $C800 are accessed. Peripheral slot 2 
was selected for the NOVRAM design. On slot 2 pin 41 
is activated whenever the 16 bytes located at HEX 
address $C0A0 are accessed. This a ddress s pace is 
sent only to slot 2 and was tied to the STORE pin on 
the NOVRAM. PIN 1 also has a unique address space 
for slot 2 and was tied to the RECALL pin. This space 
is the 256 bytes starting at HEX address $C200. 

Figure 8 shows the connections of the card to be 
plugged into peripheral card slot 2. Reading and writing 
are accomplished from the BASIC programming lan- 
guage by PEEK and POKE instructions to HEX address- 
es starting at $C800. The STORE operation is called by 
either a PEEK or a POKE inst ruction to any of the 16 
addresses starting at $C0A0. RECALL is initiated by 
accessing any of the 256 bytes starting at $C200. 
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Figure 8) Connections for operating the NOVRAM on the l/O Bus of an 
APPLE II computer. 

The APPLESOFT* program inTable 1 demonstrates 
how a NOVRAM can be accessed easily. The state- 
ment 210 is a Write operation to HEX address $0200 
whilestatement 310 is a Write to HEX address $C0A0. 
The CSpin is activated with statement 430 and state- 

* APPLE II and APPLESOFT are Irademarks of Apple Computers. 



ment 580 respectively. This program was written for 
the X2210 but it could be easily modified for the X2212 
oreven eight X2201s. 




TEXT i HOME 

A« - HELCOME TU THE WOKLti' 

S EASIEST TO USENONVOLACILE 
STATIC RAM ' ! " 
B* - "H2 ONL f A SINGLE 5 VOLT 
POWER SUPPLV IS REQUI REU FOR 
OPERAT I OMS ' " 
C* • "#3 ALL INPUTS ANp UU1PUT 
S REQUI RE ONLV TTL INTERFAC 
E SIGNALS" ! ' " 
F» - "»4 ALL TIMING SIGNALS AP 
E MICROPROCESSORCOMPAT1BLE-N 
O STRECHING 1 " 
G* - "*S Z SI/ES AVAILABLE: (X2 
201) IOZ4X1, (X2212) 256X4 

, ÍX2210I64X4" 
VTAB 5t HTAB lli PRINT "XICOR 

'8 X2210 DEMO" 
PRINT i PRINT i HTAB 3: PRINT 
" 1 -RECALL * i i HTAB 25i PRINt 
"3-READ" 
PRINT i HTAB 3: PRINT "2-STOR 
E"ii HTAB 25i PRINT "4-WRI TE 




PRINT t HTAB 17: PRINT 



EX1 



210 
216 



VTAB 15i HTAB 12i INPUT 'SELE 
ÜNE'?."iA 

l OR A 5 THEN HOME 
AB 5t HTAB St PRINT "ONL 
5 ALLOWED TRV AGA IN" t GOTO 

73 

ON A GOTO 200,500.400,500,60 



REM ********************* 

REM * RECALL SUBROUTINE * 
REM i*»*******»**»»»»**** 
POKE - 15872, O 
HOME i VTAB 5: HTAB 14 
PRINT "RECALL COMPLETE " 
FOR t ■ 1 TQ lOOOl NEXT I 
HOME i GOTO 60 
REM t.,,i...i,,,.,.., ( ,. 
REM * STORE SUBROUTINE * 
REM ******************** 
PUKE - 16224.0 

HOME i VTAB 5i HTAB 14t PRINT 

" S TORE COMPLETE" 

FQti I 9 1 TO lOOOl NE/T I 

HOME : GOTO 6'.- 

REM MIMttMMMtMftl 

REM * READ SUBROUTINE > 

REM «»«.*««..«..,*.».«. 

HOME 

VTAB 5t HTAB I2l PRINT "RESU 
LTS FROM RAM") PRINT : PRINT 



14336 




532 Q* - BS: 



FOR I * t TO 64 
PRINT CHR* í PEEK 

+ I) ) I 
NEXT I 

FOR I ■ 1 TO 5000i NEXT I 
HOME : GOTO 60 
REM ******************** 
REM * WRITE SUBROUTINE * 
REM iiiu.MiimmtKí 
HOME t VTAB 5i HTAB 6i PRINT 
"PRESELECTED MEBSAGES U-Sl " 
t PRINT i PRINT 

PRINT i PRINT i HTAB 4i PRINT 
"ENTER MESSAGE FROM KEYBOARD 

Í6> " 

PRINT i PRINT t HTAB lli INPUT 
"SELECT ONE <1-6>?<"|A 
ON A GOTO 531.332,333.534,53 
5,340 
0« - A«: GOTO 548 
GOTO 548 
0» - C*i GOTO 54B 
Q« « F«i GOTO 54B 
D* = G*t GOTO 548 
PRINT : PRINT i HTAB 5i PRINT 
"INPUT MESSAGE-64CHARACTERB 
MAX-'i INPUT Q» 
Q% - O* + " 



548 HOME i VTAB 5i HTAB 12l PRINT 
"WRITTEN INTO RAM" > PRINT 



550 CT« - LEFT* <Q«,64t 
570 FOR I ■ 1 TO 64 
575 Z* - MID» <0«,I,l)iZ - 
(2*1 

POKE - 14336 + 1,1 
PRINT Z»t 
NEXT I 

FOR 1 => I TO SOOOt NEXT 
HOME : GOTO 60 
END 





Table 1) An APPLESOFT BASIC program for demonstrating the four 
operations of NOVRAMs. 
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Protection Against 
Inadvertent Store 

The circuit described in the previous section 
assumes that the system is powered up and down in an 
orderly manner. This would mean that the microproces- 
sor would never generate addresses unless they were 
part of the program. Unfortunately real systems do not 
operate in this ideal manner. Although the circuit 
described above has not produced a fault during exten- 
sive testing, the possibility exists that the hex address- 
es $C0A0-$C0AF could come up during power up, or 
during a brown out when the supply dropped below the 
operating specification, or during a power failure. 

Several methods can be used to insure that the 
NOVRAM does not react to errors produced by the 
system when it is out of its operating specification. Set- 
ting the RECALL pin LOW to block a STORE operation 
is the easiest. Holding the STORE pin between VI H MIN 
and the falling power supply is another. 

Most microprocessors are not totally under control 
for the first few cycles after power up. Their early 
addresses depend on what is in the registers after the 
System Reset pulse terminates. There is a possibility 
that these registers can cause one of the early ad- 
dresses to be the same selected for a STORE oper- 
ation. In this case the circuit shown in Figure 8 could 
cause the EEPROM to be written with false data during 
the power up operation. Figure 8 allows the STORE 
operation to be initiated if any of 16 addresses is 
selected for either a read or a write. 

Although microprocessors can put out uncontrolled 
addresses they do not put out uncontrolled write com- 
mands. By ANDing the System Write line with the 
System STORE command, the NOVRAM would recog- 
nize a STORE operation only on a machine write cycle. 

A potential danger in the use of the above schemes 
is the fact that three state TTL gates are not under total 
control while the power supply is coming up. This could 
produce glitches on the STORE pin even though no 
Write command was received at the i nput of t he gate. 
A more positive way to insure that the STORE pin 
follows the power supply as the voltage increases is to 
use an open col·lector NAND gate with one of the in- 
puts provided by a signal that determines power supply 
status (Circuitry for power supply status will be covered 
later in this application note). If one input of an open 
col·lector NAND gate is held LOW the output transistor 
is turned OFF since it can not receive base current. 
Pulling the output of this gate to the power supply of the 
NOVRAM through a pullup resistor will then insure that 
the output follows the power supply with no glitches. 

Carrying the use of a power supply stat us signal one 
step further, would be to use it to hold the RECALL pin 
LOW in addition to holding the STORE pin HIGH. A dir- 



ect connection of this status signal to the RECALL pin 
is all that is necessary as shown in Figure 9. This circuit 
has a more positive control of the NOVRAM since it 
takes two actions to prevent an inadvertent STORE 
operation. 



System STORE 



Power Status 
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Figure 9) A power supply status l ine held LOW can insure that both the 
RECALL pin is held LOW and the STORE pin is held HIGH. 

An example of a bàsic circuit to monitor the power 
supply status is shown in Figure 10. The output of this 
two-stage circuit is held LOW whenever the power sup- 
ply is below 4.5 Volts. This same technique can be used 
with a Zener diode and an operational amplifier. The 
designer is cautioned to consider temperature effects. 




Figure 10) The Zener po wer supp ly detector is used in combination with 
the open collector on the STORE pin to provide protection against an 
inadvertent STORE operation during power up and power down. 

Another method of power supply status is to assume 
that the only power supply fault which requires insuring 
that wrong data is not stored is the loss of the AC line 
voltage. Many commercially available AC line fault 
monitors are on the market. Two of these line fault 
monitors are the MID 400 Power Line Monitor from 
General Instrument and the SG1547 from Silicon 
General. Additionally, many commercially available 
power supplies have a power fail signal either as a 
Standard feature or as an option. 

The circuit shown in Figure 1 1 shows another type of 
power supply status detector. This circuit is a low cost 
solution but it should be used only to take the RECALL 
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pin LOW because it does not provide adequate drive 
for a TTL gate. 




WE >- 
STORE P~ 



Figure 1 1) Another form ofpower supply status detector to drive the 
RECALL pin LOW when the supply drops below 4.5Volts. 

Some other schemes to protect against inadvertent 
STORE operations are the use of jumpers, cables 
and/or switches. The STORE signal is transmitted 
through the jumper or switch which is normally open 
unless it is desired to change the data in the EEPROM. 
During norma l operation the only component attached 
to the STORE pin is a resistor to the power supply. 

A more comprehensive discussion of power supply 
status circuitry can be found in XICOR's Ap Note #102. 
This note covers those requirements that STORE data 
at power failure. 



6) Meters (i.e. Utilities, taxi, gas pumps) 

7) Process control 

8) Robots 

9) Instruments (musical, medical, test, avionics) 

10) Communications 

11) Transducers/load celis 

1 2) Automotive: odometers, engine control 

13) Office equipment: copiers, word processors 

14) Military products 

Some of the competitive products being replaced by 
NOVRAMs in systems are: 

1) DIP switches 

2) Thumbwheel switches 

3) CMOS with batteries 

4) EAROM 

5) EEPROM 

6) Potentiometers 

One should let his imagination soar when thinking 
applications for these unique NOVRAMs. XICOR is 
always interested in application ideas that represent 
both normal and off-beat uses of these NOVRAMs. Any 
ideas sent to XICOR will be greatly appreciated. 




Applications 

Most microprocessor systems have need for some 
form of nonvolatile memory to store important data 
such as: 

1) Calibration constants 

2) Set-up contigu ration information 

3) User system ID 

4) Changeable programs/firmware 

5) System status 

6) Accounting information 

7) Error conditions 

The types of equipment that are today being designed 
to include NOVRAMs vary through the complete line of 
electrònic equipment. Some of these systems are: 

1) Computer peripherals/terminals etc. 

2) Automatic tellers/transaction terminals 

3) Point-of-sale terminals 

4) Smartscales 

5) Vending machines and games (i.e. arcade 
games, slot machines) 
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STORING DATA 
IN XICOR NOVRAMS 
DURING POWER FAILURE 

BYGEORGE LANDERS 
ANDJÜRG RUDIN 
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Introduction 

Many systems require that some data be saved at 
the time of a power failure. This can be a wide variety 
of data such as accounting information, system status, 
program counter or register contents, or security infor- 
mation. The XICOR NOVRAM family is ideal for appli- 
cations of this type as a NOVRAM* memory can save 
the entire contents of its RAM into an on-chip EEPROM 
in only 10ms and with a single 5V power supply. 

This application note addresses several methods of 
detecting a power failure and insuring that the regu- 
lated + 5 Volts supply remains within specification for 
at least the 10ms required to complete the STORE 
operation. Various schemes of detecting the absence 
of ac and the decline of unregulated de are discussed. 
The use of either hardware or software control is also 
covered. Since each system and power supply has 
individual requirements, it wiil be up to the system 
designer to select the circuit approach best suited to 
the application. None of the circuits shown are neces- 
sarily better in all cases and indeed the ideal circuit for 
a particular situation may not even be shown. 

Store Requirements 

The requirements to save data in the NOVRAM 
memory are very straightforward. It is only required 
that a low level T TL pulse , 100ns or greater duration, 
be applied to the STORE pin and the power supply 
remain above 4.5 Volts for 10ms after the beginning of 
the STORE pulse. Figure 1 shows the relationship 
between the STORE pulse and the + 5 Volt power sup- 
ply. Once the STORE operation has started it can not 
be terminated unless the supply drops below +4.5V 



5.5V 
4.5V 



not be started. The STORE pin must be brought HIGH 
before another STORE operation can occur. 

Since the regulated + 5 Volt power supply must 
remain above + 4.5 Volts for 10ms, some other point 
must be monitored for power failure. The detection of 
regulated dc dropping is already too late to provide an 
assured 10ms of at least +4.5 Volts. Two possible 
points to monitor for an early indication of declining 
power are the ac to the power supply and/or the raw 
or unregulated dc to the regulator itself. 

Detecting the absence of ac can be performed 
either before or after the transformen If it is done in 
front of the transformer, it is necessary that the signal 
be electrically decoupied from the dc portions of the 
system. This can be accomplished by using optoelec- 
tronic components which transmit light signals 
between two points with differing electrical references. 

If detection is accomplished after the transformer, it 
needs to be isolated from the heavily filtered unregu- 
lated dc of the main power supply as the response 
time there is very slow This is done by using either a 
separate transformer tap or two extra diodes to isolate 
the signal from the bridge. Figure 2 shows the relation- 
ship necessary between the ac, the + 5 Volt supply 
and the STORE pulse. 




5.5V 
4.5V 



STORE PULSE 
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STORE PULSE 



Figure 2) Missing ac must trigger a STORE pulse at least 10ms prior to 
the regulated dc dropping below specification. 



Figure 1) The + 5 Volt power supply must remain above + 4.5 Volts for 
10ms after the STORE pulse starts. 

During the STORE operation, the NOVRAM memory 
is not on the bus allowing the microprocessor to com- 
plete other tasks that may be required by the system 
for an orderly shutdown. The STORE operation is 
det ermined by the falling edge of the STORE pulse. If 
the STORE pin is held LOW another STORE cycle will 



The other technique for early detection of failing 
power is to sense the unregulated or raw dc in front of 
the regulator. The regulator has a range of input volt- 
age for which it will maintain the output within fixed 
limits. If a trip point is set up below the normal input 
voltage, a STORE signal can be sent to the NOVRAM 
memory with enough time to insure that the + 5 Volts 
stays within specification for at least 10ms as shown in 
Figure 3. 

* NOVRAM is Xicor's nonvolatile static RAM device. 
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Figure 3) Falling dc is detected to trigger a STORE pulse a! least 10ms 
before the + 5 Volt supply drops below 4.5 Volts. 

AC Power Failure Detect 
Circuits 

lt is possible to detect the loss of ac power with 
some very simple circuits. Four differing approaches 
are discussed in this section. These include a simple 
transistor zero crossing detector, two optoelectronic 
detectors and a CMOS Schmitt trigger method. 

The circuit shown in Figure 4 is a low cost tech- 
nique for detecting the loss of ac. It uses two diodes to 
isolate the circuit from the filter capacitor in front of 
the regulator. The resistor R2 is selected to limit the 
base current of Q1 and is dependent on the value of 
the ac signal. 





TO INTERRUPT 



Figure 4) A circuit to detect the absence ot ac. 

When the full wave rectified ac drops toward zero, 
the transistor Q1 loses base current and the output 
goes HIGH. If the capacitor is not used, the circuit pro- 
duces a short HIGH pulse every 8.3ms. This signal is 
then used to interupt the microprocessor. Since the ac 
has probably not been lost, the microprocessor starts 
a subroutine to determine if this is a true power loss 
event. This subroutine produces a short delay (2ms) 
and looks at the detector again. If the output of the 



detector is still HIGH the power loss is real and the 
microprocessor issues to the NOVRAM memory a 
STORE pulse. The waveform produced by the circuit 
without the capacitor is shown in Figure 5. 



® 




I I i 




® 



i n n n. 



WITHOUT CAPACITOR 



Figure 5) Waveforms in the circuit of Figure 4 without the capacitor. The 
microprocessor is interupted every 8.3ms and must check 2ms later to 
determine if the power loss is real. 

The disadvantage of using an interupt every half 
cycle is that the available processing time is reduced 
by nearly 25%. In many applications this is undesir- 
able. A capacitor in the circuit of Figure 4 eliminates 
the pulses every half cycle. The value of that capacitor 
depends on many factors. Among these are the 
holdup time of the power supply, the desired delay of 
missing ac before triggering STORE and the vàlues of 
R1 and R2. Figure 6 shows the signals under these 
conditions. In the lab circuit the vàlues were R1 = 33K 
Ohms, R2 = 10K Ohms, C1 = .1 microfarad and a full 
wave rectified ac of 20 volts peak. This combination 
produced a delay of 2ms from the time that a half 
cycle was missing. 
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Figure 6j A capacitor in the circuit of Figure 4 fills in the valley in the recti- 
fied ac to produce a pulse only when ac disappears. 

Care should be taken to insure that the timerise of 
the output of any detector circuit is fast enough for the 
microprocessor. Extra lògic gates can be used to 
improve the timerise. 



11 



An approach that allows direct connection to the ac 
power line is shown in Figure 7. In this circuit the ac 
line is connected through a resistor to two optoelec- 
tronic isolators connected with their diodes back to 
back. 



Another circuit for connecting directly to the ac 
power line is shown in Figure 10. This circuit uses the 
MID400 from General Instruments. It requires only two 
resistors to provide a clean interupt signal. 
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O 1 1 ± _L_ 

2 X 4N25 

Figure 7) Two optoelectronic isolators are connected with their diodes 
back to back to provide an interupt signal. 

This circuit produces a positive pulse each time that 
ac line has a zero crossing as shown in Figure 8. 
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Figure 8) The circuit of Figure 7 produces positive pulses every 8.3ms 
until ac power failure and then remains HIGH until the dc decays. 

This circuit is similar to the one in Figure 4 in that it 
produces an interupt every 8.3 ms. This ties up the 
microprocessor during the delay time when the output 
of the detector must be resampled. In addition to the 
method of adding a capacitor to the circuit in Figure 4, 
a missing pulse detector similar to that shown in Fig- 
ure 9 can be used. 
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Figure 9) A 555 timer connected as a missing pulse detector. 



Figure 10) The MID400 requires only two resistors to connect directly to 
the ac power line. 

The waveforms are shown in Figure 11. The turn on 
and turn off delays can be adjusted with a capacitor. 
(see the G.l. data sheet for details) 



AC 




r 



Figure 11) Waveforms for the MID400. 

The last ac detect circuit to be discussed uses a 
CMOS Schmitt Trigger as both a full wave ac low volt- 
age detector and a missing pulse detector. This circuit 
is shown in Figure 12. 




Figure 12) Two CMOS Schmitt Triggers are used to detect the absence 
oi ac. 

Care should be taken to insure that the input voltage 
of the CMOS Schmitt Triggers does not exceed the 5 
Volt power supply. If this occurs, the possibility of latch- 
up exists which can be destructive to the CMOS cir- 



12 



cuits. A resistor in series between the bridge and R1 
will limit the input voltage. 

The ac input voltage should be as high as possible 
to provide narrow pulsewidths out of the first gate. The 
vàlues of R3 and C1 determine the delay from the out- 
put. The waveforms can be seen in Figure 13. 
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Figure 13) The delay established by R3 and C1 must be longer than the 
pulsewidth out of the first gate. 

DC Power Failure Detect 
Circuits 

Detecting the decline of the raw dc does not involve 
missing pulses or capacitor delays. The first circuit 
shown in Figure 14 uses a Zener diode to set a trigger 
point. This trigger point should be as high as possible 
without being high enough for the normal range of 
unregulated dc to trip it. The value of the diode should 
be selected to be equal to the trip point desired minus 
.7 volts for the base-emitter drop. 
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desired trip point minus 5 Volts plus .7 Volts for the 
base-emitter drop. 
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Figure 15) A dropping unregulated dc turns on the PNP transistor. 

Care should be used with these last two circuits to 
insure that all tolerances and temperature coefficients 
have been considered. 

The last circuit that will be discussed in this applica- 
tion note uses an operational amplifier and a Zener 
diode with some resistors as shown in Figure 16. The 
circuit trips when the raw dc drops the junction of R1 
and R2 to the value of the Zener diode. This circuit can 
provide either a positive or negative interupt signal 
depending on the connection of the two amplifier 
inputs. 
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Figure 16) R1 and R2 with the Zener diode determine the trip point 
of this circuit. 



Figure 14) A Zener diode in series with a base-emitter diode establishes 
the trip point of this dc detector. 



A PNP transistor can be used as shown in Figure 
15. In this circuit the value of the Zener diode is the 



Notes On Filter Capacitors 

The value of the filter capacitor on the unregulated 
dc to ground should be high enough to ensure that the 
regulator remains in regulation for at least 10ms after 
the STORE pulse has been sent. This is dependent on 
the value of the trip point, the lowest input voltage to 
the regulator and the load. For an example consider a 
system with a 300mA load, a 15 Volt trip point and a 7 
Volt lowest regulation voltage. Using the I = CdV/dT 
equation we have: C = 300 x (10/8) x 10- 6 = 
375microfarads. 

Notes On Software 

When using a microprocessor interupt to issue the 
STORE command, the program should branch to a 
STORE subroutine. This subroutine contains a short 
delay followed by a test of the power supply detector 
to insure that the power failure is vàlid. This can be 
seen in Figure 17. 



Note: The exact vàlues of components in the preceding 
drawings depend on system conditions such as secondary 
AC voltage and power supply hold-up time. 

Some lab vàlues for the drawings to use as starting points 
are as follows: 

Figure 7. R, = 12kQ, R 2 = 2kQ, AC = 120V 

Figure 9. R, = 5kQ, R 2 = 3.3kQ, C = 1uF, Time delay = 2msec 

Figure 10. R, = 22kO, R 2 = 2kQ, AC = 120V 

Figure 12. R, = 20kQ, R 2 = 20kQ, R 3 = 10kQ, C, = .2uR 

Rectif ied AC = 20V, Time Delay = 2msec 

Figure 14. Zener = 10V, R, = 1kO, R 2 = 2kQ, R 3 = 2kQ, 

Trip Point = 10.7V 

Figure 15. Zener = 10V, R, = 2kQ, R 2 = 2kQ, Trip Point = 14.3V 
Figure 16. Zener = 3.3V, R, = 20kO, R 2 = 6kO, R 3 = 2kQ, 
Trip Point = 14.3V 
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Figure 17) The program branches to a STORE subroutine when a power 
failure is detected. 
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Introduction 

The desire to replace mechanical components in 
electrònic systems for purposes of increased reliability 
lower costs and ease of maintainability has spread to 
DIP switches and trimming potentiometers or trim- 
mers. The component that makes this replacement 
possible is the NOVRAM memory from Xicor. The 
NOVRAM memory is a device that has two memòries 
in parallel, a Standard static RAM and a nonvolatile 
electrically erasable programmable read only memory 
(EEPROM). The EEPROM portion of the NOVRAM 
memory holds data that is equivalent to the settings of 
the now obsolete DIP switches and trimmers. 

What Is A NOVRAM 
Memory? 

A NOVRAM memory as stated previously is two 
memòries in a single unit. The Standard static RAM 
has a nonvolatile EEPROM celi associated with each 
RAM celi. Figure 1 shows a block diagram of a typical 
NOVRAM memory. 




Figure 1) NOVRAM memory block diagram. 

There are two additional pins on a NOVRAM 
memory device that do not appear on an ordin ary 
static RAM. These two pins are called STORE and 



RECALL. The STORE pin is used to transfer the entire 
contents of the RAM to the EEPROM as a single blo ck. 
This operation is performed in parallel. The RECALL 
pin is used to transfer the entire contents of the 
EEPROM back to the RAM. At the end of either opera- 
tion, the contents of the two memòries are identical. 

Access to the EEPROM data is through the RAM 
portion. To alter the contents of the EEPROM, the data 
must first be written into the RAM and then transferred 
to the EEPROM with a Store operation. To use the 
contents of the EEPROM in the system, perform a 
Recali operation and then the contents of the RAM 
may be read. Once data is stored in the EEPROM, the 
RAM can be used as an entirely separate and indepen- 
dent memory. Some users put configuration data into 
the EEPROM and then use the RAM as a separate 
scratchpad. 

Besides these operational features, the NOVRAM 
memory has some unique electrical features. These 
devices are the world's easiest-to-use nonvolatile 
components in that they operate with only a single 5- 
volt power supply simple TTL level pulses and short 
pulse widths (<450 ns). Even for operations such as 
the Store operation, which takes 10 ms to complete, it 
only requires a low level TTL pulse of 100 ns or greater 
to initiate. During the remaining time, the NOVRAM 
memory is not on the bus, which frees the microproc- 
essor and the bus for other tasks. Complete details of 
the operation of NOVRAM memòries can be found in 
the individual data sheets and application note AN101. 

Replacing DIP Switches 
With NOVRAM Memòries 

DIP switches and thumbwheel switches have been 
used in systems to provide alterable, nonvolatile data. 
Some uses of this data are to set up configuration 
parameters and to provide calibration constants. The 
apparent low cost of these components is one of their 
attractive features. The drawback is that costs of these 
components do not end with installation. 

The biggest cost of these mechanical, nonvolatile 
components is in post-installation service. A simple 
change of a DIP switch setting can require a techni- 
cian to visit the equipment, disassemble the unit, throw 
the switch and reassemble the equipment. This could 
easily run the total use costs to well over 10 times the 
installed cost. A solution to the problems presented by 
DIP switches is to use a NOVRAM memory to hold 
valuable configuration or calibration data. In addition to 
a lower-cost, easier, and more secure method of 
changing data, NOVRAM memòries cost less at the 
installed level. 
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The disadvantages of using DIP switches in modern 
electrònic systems accumulate through each step of 
the manufacturing process. The first stage of 
NOVRAM memory advantages sfarts right at system 
concept and design. Since the density of NOVRAM 
memòries is significantly greater (up to 1024 switches 
in a single low-cost DIP package), more functional 
options can be added to enhance the total value of the 
system. Features such as electrònic unit type signa- 
ture can be added for a small software cost, with no 
extra components. No special access needs to be 
provided to change the NOVRAM memory, as all 
changes can be made from a keyboard or over phone 
lines. This can not be said for DIP switches, which 
requi re disassembly or special doors or hatches to 
provide access. 

At incoming inspection it is difficult to completely 
test a package of DIP switches for all possible combi- 
nations, or even as individual switches. The NOVRAM 
memory on the other hand is tested by automàtic test 
equipment both quickly and thoroughly. The NOVRAM 
memòries are 100% tested by Xicor and can be 
further tested at whatever levels the user desires, 
including the quick testing of all the options that were 
designed into the equipment. In the case of the DIP 
switch, this would require manually setting each 
option, rather than have the final system test equip- 
ment take care of the task. 

The assembly operation is made more difficult when 
trying to wave solder or clean a board containing DIP 
switches. These operations can cause contamination 
in the degreasing step. This is true, even on the 
components that have tape or other cover for protec- 
tion, as these are extra items to handle or become 
lost. Again, the NOVRAM memory exhibits none of 
these problems in that they are in sealed packages like 
the rest of the semiconductor components that make 
up the bulk of the system. 

Once the system is in the field, the advantages of 
the NOVRAM memory are further enhanced. The 
bàsic reliability improvement of semiconductors over 
mechanical components is well known. Equipment 
warranties can be enforced since there is no need for 
a customer to open the equipment. The greatest 
advantage of all comes in service. No longer is it 
necessary for a technician to travel to the users site to 
change the setting on DIP switches as this can be 
accomplished over a phone hookup. 

In addition to all of the above cost savings and 
system benefits in using NOVRAM memòries, the 
bàsic component cost is also very low Figure 2 shows 
a typical interface for DIP switches in a microproces- 
sor system. Each package of 8 switches requires a 
decoder port and 8 diodes to provide isolation from 
other switches. 
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DIP SWITCH + S \ 




Figure 2) Typical DIP switch interface for múltiple packages. 

An octal buffer and 8 pull up resistors are required 
for any quantity of switch packages in a given system. 
Matrix schemes could be applied to reduce the 
decoder ports at the cost of more buffers but, by then, 
the costs will be much greater than those of using 
NOVRAM memòries. 

The assembly costs include incoming inspection, 
handling, inventory board real estate, and final inspec- 
tion. These costs are variable depending on volume 
and other factors. 

The interface of a NOVRAM memory to a micropro- 
cessor is shown in Figure 3. 




Figure 3) The typical NOVRAM memory interface requires only 3 decoder 
ports for any number of switches up to 1024. 

This setup requires 3 decoder ports for any number 
of switches up to 1024 and then starts adding a single 
port for each additional package of 256 or 1024 
switches. 

The plot in Figure 4 shows that system costs using 
NOVRAM memòries remain constant as the equivalent 
packages of DIP switches required are increased. 
These costs include the costs of all associated compo- 
nents, assembly and testing. 
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Figure 4) Ftelative costs of using NOVRAM memòries as opposed to DIP 
switches as a function of packages of 8 switches required. 
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The plot shows that whenever the required number 
of DIP switch packages of 8 switches exceeds 1, the 
NOVRAM approach is lower in cost at the systems 
level. 

The cost of using DIP switches rises constantly as 
the number of required packages increases. An actual 
cost crossover occurs between 1 and 2 packages of 8 
switches. Designers can derive their actual costs by 
calculating the two approaches based on the costs at 
their firm. These costs should include, in addition to 
the component costs, all costs associated with incom- 
ing inspection, warehousing, assembly and system 
tests. One will find that the crossover between 1 and 2 
packages of 8 switches is consistent and favors the 
NOVRAM memory approach. 

Where And Why Trimmers 
Are Used 

The trimming potentiometer or trimmer is a 3- 
terminal device that can be connected in many differ- 
ent configurations. The purpose of the trimmer in the 
analog circuit is to make a fine adjustment of a current 
or a voltage. This current or voltage is then used in 
analog circuits to compensate for component varia- 
tions in frequency gain, offset, voltage or current. 

Like the DIP switch, the trimmer appears quite inex- 
pensive when one considers only the purchased price. 
In actuality it can be one of the most expensive 
components on the card when the costs of field cali- 
bration are taken into consideration. It takes only one 
service call (considered by some to cost approximately 
$200) due to a changed setting caused by vibration, 
humidity or even well-intentioned user tampering, to 
run the cost of using the trimmer to high levels. In 
addition, the trimmer requires equipment disassembly 
and the skilled use of a screwdriver. This skill adds to 
the cost of owning the equipment. 

Taking an 'all costs considered' approach is one 
way manufacturers are reducing the cost of equip- 
ment ownership as a function of performance. 
Although the end customer wants equipment that is 
low in purchase price and service costs while deliver- 
ing a high level of performance, they will purchase a 
more expensive piece of equipment if they believe that 
the service costs and possible downtime will be 
reduced. 

The functions of the trimmer can be duplicated quite 
well by a NOVRAM memory combined with a Digital- 
to-Analog Converter (DAC). A DAC is a device that 
delivers a voltage at the output that is a function of a 
digital signal at the input. In a microprocessor system, 
this is a variable voltage source that is under the 



control of the program. While the DAC cannot exactly 
duplicate the 3 terminals of the trimmer, the circuit can 
be modified to provide equivalent results. 

The NOVRAM memory provides settings for the 
DAC that are free from problems of humidity and vibra- 
tion, as well as holding onto those settings during 
times of no power. Once the NOVRAM memory/DAC 
combination is in the circuit, the calibration can be 
made automàtic by closing the loop since all mechani- 
cal adjustments are eliminated. A self-calibrating 
system can eliminate all expensive service calls for 
recalibration. 

Duplicating The Function 
Of The Trimmer 

This section will demonstrate a few simple concepts 
for using a NOVRAM memory and a DAC in combina- 
tion to modify important circuit parameters. As previ- 
ously mentioned, a trimmer adjusts small variations of 
frequency, gain, offset, voltage or current. By properly 
interfacing the output voltage of a DAC in the analog 
circuit, these functions can be easily duplicated. 

The first example shown will demonstrate how to 
effect a small adjustment in voltage that can be used 
as a reference or for some other need. Figure 5 shows 
an operational amplifier connected to provide a small 
amount of trim to the output. The 9.9k and 100 ohm 
resistors provide a division by 100 of the DAC output. 
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0V TO +10V 



Figure 5) The DAC output provides up to 100 millivolts of trim tor the 
operational amplifier output voltage. 

If the DAC can be adjusted from to 10 volts, this 
voltage divider provides an offset of up to 100 millivolts. 
The operational amplifier offset adds this amount to 
the output, providing up to 100 millivolts of reference 
voltage trim. 

The next example will show how to provide a small 
offset for a fixed gain amplifier. Figure 6 shows the 
operational amplifier connected as an inverting ampli- 
fier with a gain of 10. 
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Figure 6) The DAC output provides an offset of 0.5 volt for a fixed gain 
amplifier. 

The fixed gain is established by the 1Kand 10K 
resistors. As the DAC output is varied from through 
10 volts, this voltage, combined with the - 5 volts, 
reduces the amplifier output by V10 of the difference. 
This gives a fixed offset of up to 0.5 volt in either 
direction. 

The third example will show a different use of a DAC 
to change the operational amplifier gain. This example 
uses a CMOS DAC with the ladder network in the 
amplifier feedback loop. 

A short course in CMOS DACs is in order at this 
time. Figure 7 shows a simple 3-switch CMOS DAC. 




Vo = VOLTS TO + 7 VOLTS 
IN STEPS OF 1 VOLT 



Figure 7) A simplified 3-switch CMOS DAC. 

The outputs of a CMOS DAC are in the form of current. 
The sum of the two output currents is always a 
constant. In the case of Figure 7, this sum is Ve, x 
Vref/R- Both current outputs must look into a ground 
potential. In Figure 7 the loim pin is tied to the 
summing junction of an operational amplifier while the 
louT2 Pin is tied to system ground. The internally 
provided feedback resistor should be used with an 
amplifier since its temperature coefficient is identical to 
the other resistors on the DAC chip. The DAC switches 
are operated by Standard 5 volt lògic levels. The 
amplifier output in Figure 7 will vary from to 7 volts in 
1 volt increments depending on the setting of switches 
SO, S1 and S2. These switches in the 'up' position add 
1, 2 and 4 volts, respectively to the amplifier output. In 
the positions shown, the amplifier output is 7 volts. 

Figure 8 shows the CMOS DAC of Figure 7 in a 
slightly different configuration. 
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Figure 8) A CMOS DAC used in the amplifier feedback loop to adjust the 
amplifier gain. 

The ladder network provides the feedback to the 
amplifier while the internal feedback resistor is used as 
the input resistor. If one goes through the equations, 
the result for Figure 8 is VO = VI x 8/ x , where x is 
the digital code for the switch settings from 1 to 7. The 
circuit gain runs from a low of a h for the switches in 
the indicated position, to a gain of 8 when SO is high 
and the other switches are low. Table 1 shows a listing 
of the gains obtainable. 
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Table 1) Gains of the circuit in Figure 5 as a function of the switch 
settings. 

Analog Circuit Examples 

This section will present some actual circuit exam- 
ples for using a NOVRAM memory combined with a 
DAC. The circuits that appear in this section have been 
built and tested. The concepts presented may be 
useful to stimulate ideas which will help to solve the 
reader's system problems and may even be of immedi- 
ate use. Figure 9 shows how the NOVRAM memory/ 
DAC combination provides a voltage or a current for 
the application. 
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Figure 9) A NOVRAM memory DAC combination provides a voltage or a 
current to correct analog circuits. 
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It is, of course, possible for a single NOVRAM memory 
to provide the address setting for múltiple DACs. The 
DAC size used is selected for the user's application, 
depending on the accuracy and resolution required. 
There are even múltiple DACs available in a single 
package such as the SAB 3013 from Philips for more 
cost sensitive applications. 

Tuneable Crystal Oscillator 

The first application example of a NOVRAM memory 
used in combination with a DAC is that of a quartz 
crystal oscillator. These circuits find application in 
many areas, including aviation and nautical navigation, 
as well as time measuring due to high stability. The 
oscillator is normally trimmed with a small padding 
capacitar in shunt or series with the crystal. This trim 
is used to 'pull' the resonance point of the crystal by a 
few parts per million (PPM) to set the operating 
frequency of the circuit. The capacitar may have to be 
adjusted in the field to retrim for the aging effects of 
the crystal and its associated circuitry. 

The circuit in Figure 10 uses a NOVRAM memory/ 
DAC combination to provide the trim voltage for a 
varactor. 
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Figure 10) Tuneable crystal oscillator 

A varactor is a diode whose capacitance is a function 
of the applied voltage. This varactor in series with the 
crystal provides the actual trim function. The fixed 
operating point for the varactor is supplied through the 
100K resistor. Variable bias for the diode is supplied by 
the DAC through the 470K resistor. Figure 11 shows 
that a 50 PPM frequency trim range is achievable with 
the 12-bit DAC used. 
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Figure 11) Tuning range of the tuneable crystal oscillator of Figure 10. 

The frequency shift is down so it is recommended to 
specify the crystal approximately 25 PPM higher than 
the desired frequency. Initial trimming and re-trimming 
is easily accomplished by changing the DAC address 
settings as stored in the NOVRAM memory. 

Software Programmable 
Voltage Reference 

Many systems (such as DVMs, test equipment, data 
acquisition systems and most forms of measu remení 
and control apparatus) require a voltage reference that 
places a limit on total system performance. Figure 12 
shows how a NOVRAM memory/DAC combination can 
provide a means of adjusting the ouput of a precision 
10 volt reference. 
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Figure 12) Software programmable voltage reference. 
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An LM399A 6.95 volt reference is used in a bootstrap 
configuration to supply bias to the LF412 amplifier 
which in turn drives the LM399A. The 100K resistor 
insures start-up. The reference supplies bias to the 
LM11 amplifier, which supplies the circuit's output. 

The NOVRAM memory/DAC-1000 combination 
supplies an offset voltage for the LM11 of 1 millivolt full 
scale in 1 microvolt increments. The 0.1 u.F capacitar 
insures dynamic stability and low noise at the LM11 
output. To calibrate the output to within 1 microvolt, 
one sets the DAC to half' scale and selects the feed- 
back resistor of the LM11 until the output is within a 
few hundred microvolts of the desired value. Then the 
RAM portion of the NOVRAM memory is exercised, 
providing new inputs for the DAC until the desired 
value is achieved. This setting is then stored in the 
EEPROM portion of the NOVRAM memory. If a wider 
trim range is desired, the 1 megohm resistor can be 
reduced, but this degrades the setpoint resolution 
appropriately. 

Self-Calibrating, 
Interchangeable Probe 
Thermometer 

A Standard industrial temperature sensor with high 
linearity and long term stability is obtained using plati- 
num resistance temperature detectors (RTDs). The 
RTD is specified in terms of its resistance at 0° centi- 
grade (as this is a function of the manufacturing proc- 
ess), while the gain slope is relatively constant from 
unit to unit. A constant gain amplifier with an offset to 
compensate for the changing impedance at O^centi- 
grade is shown in Figure 13. 



The NOVRAM memory/DAC combination is used to 
modify the offset voltage of the amplifier to allow full 
interchangeability of probes in the field. 

The plantinum RTD shown has a ±3% tolerance at 
0°C ( ± 7.5°C) and is driven with a 1 milliampere 
constant current source by placing it in the feedback 
loop of the LF412 amplifier. The constant current is 
provided by the 10 volt reference IC. The amplifier 
output will be a linear function of the sensed tempera- 
ture at the RTD. The 1 u.F capacitar limits noise pick- 
up and also insures that the RTD, a wirewound device 
with parasitic inductance, does not cause amplifier 
oscillations. The second half of the LF412 provides a 
fixed gain to the signal. 

The 90. 9K resistor provides a current to the 
summing junction of the amplifier to move beyond the 
correction for the worst case sensor. The NOVRAM 
memory/DAC pair then pull enough current from the 
summing junction to correct for the inserted RTD. 
Over a 0°C to 55°C range, this circuit is accurate to 
within ± 0.25°C while allowing the use of probes with 
a ± 7.5 °C tolerance specification. 

Automatic Scale Calibration 

The scale normally does not worry about a zero- 
level reading from its sensor, since it may have a wlde 
variety of items on the platform such as wrapping 
paper or containers. An algorithm is usually required to 
automatically zero the scale before loading the mate- 
rial into the container. The transducer used in scale 
applications has a large variation in gain slope which 
must be corrected before shipping the scale or when 
changing the load celi. Figure 14 shows a circuit for 
providing these necessary corrections for the gain 
slope of the sensor. 
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V,LF412~ 0-5 VOLTS 



S DATA BUS 

X 



"pl.unum = ROSEMOUNT. INC. TYPE 118MA 
•FILM TYPES 1% TOLERANCE 
•FILM TYPES .1% TOLERANCE 




Typical device - National Controls. Inc.. 
Type 3220 Scale platform 
Gain= 2.2 mV per volt of applied 
excitation (15V recommended) 
±10% Z, N = 350ÍÏ 



Figure 13) Self-calibrating, interchangeable probe thermometer. Figure 14) Automatic scale calibration. 
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The transducer shown, combined with the fixed gain 
amplifier, can produce outputs of 7.424 volts to 9.075 
volts for full load depending on the transducer 
selected. To bring this result to the requi red value, the 
NOVRAM memory/DAC combination is used to vary 
the reference of an analog-to-digital converter. Since 
the DAC and the platform bridge are driven from the 
same supply, the measurement is ratiometric and no 
stable voltages are necessary. As the - 15 volt supply 
changes, the readout on the display will not vary. To 
calibrate a new platform, the scale is first zeroed out 
using the internal algorithm and then a fixed known 
weight is added to the platform. Then the NOVRAM 
memory/DAC unit is exercised until the correct readout 
is obtained. This calibration can be called from the 
scale's keyboard. Security for this adjustment can be 
in a software access code which is also stored in the 
NOVRAM memory. 

Gain Trimming For 
Photomultiplier Tube 

The last example handles gain variations in a slightly 
different manner. The gain of a photomultiplier tube 
varies over time, temperature and power supply for a 
given input level. The output is a current from a high 
impedance source. A circuit to trim the changing gain 
is shown in Figure 15. 
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fine resolution is to use an 8-bit DAC connected as 
shown in Figure 8 in place of the DAC arrangement of 
Figure 15. If the feedback resistor of the left-hand 
amplifier is changed to 50K, very fine tuning (around a 
voltage gain of 2) is possible. This gain of 2 is estab- 
lished when the DAC is set for midrange of the digital 
value which gives a fine tuning range. 

Conclusion 

This application note has shown how the NOVRAM 
memory can be used to replace commonly used 
mechanical components such as trimmers and DIP 
switches. This replacement improves reliability and 
reduces service costs for recalibration and resetting. 
In addition, actual equipment costs can be reduced. 

Once a single NOVRAM memory is in the system, it 
is easy to include additional features in the unused 
portions. For example, a system designer could use a 
NOVRAM memory to replace DIP switches used for 
configuration data and then place calibration data for 
DACs in the unused memory. If even more unused 
space exists, storage of other desired data such as ID 
numbers or a service log would be possible. 

The possible uses of NOVRAM memòries are limit- 
less. The designer is encouraged to build upon the 
ideas presented by this application note. 

NOVRAM is a trademark of Xicor. Inc., for its nonvolatile RAM devices. 



Figure 15) Gain trimming for photomultiplier tubes. 

This current is converted to a voltage by the amplifier 
on the left side of the figure. For a full scale current of 
100 uA, the output voltage of this amplifier is 12 volts. 
This voltage output is used as the reference input for a 
NOVRAM memory/8-bit DAC combination which ampli- 
fies the reference from V256 through 1 depending on 
DAC setting. This gain can be varied in steps of V256. 
The currents out of the photomultiplier tube are 
normally accurate to only 1 % once the calibration is 
complete. Some applications, however, may require 
smaller steps in resolution. If this is the case, one 
could use a 10-bit DAC. Another method of obtaining 
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Introduction 

The EEPROM has been available for several years 
and performs the very useful function of storing data 
or programs on a nonvolatile basis, while still allowing 
alteration of that information in the system. Many 
designers have wanted to use EEPROMs, but have 
been limited by the support circuitry needed by 
currently available products. With the announcement 
of The World's Easiest-To-Use EEPROM', Xicor has 
removed these limitations. This new product family 
operates with the simplicity of a Standard static RAM. 

Much has been said about the ease-of-use of 
EEPROMs. Most EEPROMs are indeed very easy to 
use during the read operation but, when it comes to 
the write operation, the term 'easy-to-use' applies only 
loosely. All EEPROMs introduced prior to the Xicor 
components described in this application note require 
one or more of the following during the write operation: 

1. One or more high voltage power supplies may be 
required in addition to the + 5 volt power supply. 

2. A specially shaped high voltage pulse may be 
needed. 

3. Addresses and data may be required for the entire 
write time. 

4. It may be necessary for data stored in an address 
location to be preconditioned before writing new 
information. 

5. Additional timing components such as capacitors 
may be necessary. 

The Xicor EEPROMs require none of these for opera- 
tion, and exhibit the following features: 

1 . Only a single + 5 volt power supply is required for 
any operation including the write operation. 

2. Only TTL level signals are required to control the 
part. 

3. The write operation requires that addresses and 
data be stable for less than 200nsec to initiate the 
self controlled 10msec infernal write cycle. 

4. The write operation accepts random data to be 
changed to random data with no preconditioning. 

5. An optional mode is available that allows the Xicor 
parts to plug into an existing socket for some of the 
older EEPROMs requiring shaped high voltage 
pulses. 



The Xicor EEPROM Family 

The Xicor family of EEPROMs presently consists 
of two pin-compatible members: the X2816A, which 
is organized 2048 x 8 and the X2804A, which is orga- 
nized 512 x 8. Figure 1 shows the pinouts of these 
two components. 
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Figure 1) Pinouts of the Xicor family of EEPROMs. 

Parts conform to the JEDEC Standard pinouts for 
byte-wide memòries. These two different chips use the 
same design rules. The smaller chip was designed in 
response to many requests for a smaller, more cost 
effective part for those applications requiring fewer 
bytes of storage. 

The X2816A and the X2804A are manufactured 
using the same proven process used in Xicor's popular 
5 volt programmable NOVRAM™ memòries. The proc- 
ess is a reliable n-channel floating gate MOS technol- 
ogy using triple polysiücon. The method of data 
storage utilizes charge trapped on a floating gate, 
similar to the popular 2716 UV-EPROM. The charge 
is added and removed from the floating gate utilizing 
Fowler-Nordheim tunneling, enhanced by textured 
polysiücon surfaces. This enhancement allows 
fabrication with thicker oxides than other EEPROMs 
which don't employ textured emission surfaces. A 
more thorough treatment of positive reliability and data 
retention implications of textured surfaces is available 
in Xicor Reliability Report RR501. 



Operation of the Xicor 
EEPROMs 

The X2816A will be used to demonstrate the use 
and features of the Xicor EEPROM family. The X2804A 
works identically to the X2816A and fits all those appli- 
cations that require smaller segments of memory The 
X2816A uses a three line control structure to ease 
interface requirements. These three lines are. 
CE: Chip Enable is activated (LOW) whenever it is 

desired to access the part for a read or a write 

operation. When CE is HIGH the power is 

reduced to a standby level. 

WE: Write Enable is activated (LOW) whenever it is 

desired to write new data into a byte. OE must 

be HIGH to allow a write to start. 
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OE: Output Enable is activated (LOW) whenever it is 
desired to read data from a byte. This eliminates 
all chances of data bus contention. 
The mode selection chart in Figure 2 shows the 

required setting of the control signals to select the 

various modes of operation. 
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Figure 2) Mode selection chart for the Xicor EEPROM family. 

The one possible state of the inputs not shown (all 
three control lines LOW) is also an inhibit mode. 

Read Cycle 

The read cycle for the X2816A is shown in 
Figure 3. 
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Figure 3) Timing diagram for the Xicor EEPROM read cycle. 

This cycle is totally static. it is level sensitive and 
requires no clocking. Addresses must be stable for 
the entire read cycle. If CE and OE are both LOW, a 
change of address produces new data on the output 
buffers. The CE pin also controls the power level. 
When CE is HIGH, the power dissipation is at a 
standby level increasing to operating level only during 
the time that the CE pin is LOW Most EEPROMs on 
the market operate in a similar manner. 

Write Cycle 

The byte write cycle on the Xicor X2816A gives 
new meaning to the term 'easy-to-use' regarding 
EEPROMs. A Standard microprocessor write cycle, a 
single + 5 volt power supply and TTL level signals are 
the only requirements to write new data to a selected 



byte. No other hardware support is necessary. Most 
systems will not require extra wait states for this oper- 
ation, because times required are short. All timing can 
be completed within 200nsec. The addresses, data 
and controls can be removed entirely as the chip 
latches addresses, data and the write command at the 
end of the 200nsec. The X2816A takes 10msec to 
complete the internal byte write cycle but, once initi- 
ated, is totally self timed and does not use the data 
bus. This latching feature allows the microprocessor to 
use the bus for other purposes during these self timed 
write cycles. During the internal write cycle, power 
consumption is at the operating level. 

All byte write cycle timing is referenced to an inter- 
nal write pulse, which is gene rated by the simultane- 
ous LOW of both CE and WE. Figure 4 shows the 
internal write cycle timing for all possible combina- 
tions of CE and WE. 




Figure 4)_Jhe internal write pulse is generated by the simultaneous LOW 
of both CE and WE. 

The infernal write pulse is initiated by the last edge 
of CE or WE to go LOW and is terminated by the first 
of those two edges to go HIGH. The specific relation- 
ship of each of the two symbols is not important. 
Timing depends on the last edge down and the first 
edge up. 

Figure 5 shows the byte write cycle for the X2816A 
with the internal write pulse used as the timing 
reference. 
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Figure 5) Timing diagram for the Xicor EEPROM byte write cycle. 

The addresses are latched by the falling edge of the 
internal write pulse, while data is latched by the rising 
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edge. Once the addresses and data are latched on- 
chip, all further tasks are self timed. The internal byte 
write cycle, averaging 4 to 6msec, takes a maximum 
of "lOmsec to complete. Any attempt to read the 
X2816A during the internal write cycle will result in 
open state outputs. The last internal write cycle action 
releases control of the output buffers to the three 
control lines. It is necessary that the power supply 
remain within specification during the entire internal 
write cycle time. Once initiated, the internal byte write 
cycle cannot be terminated by any signal and will 
complete under its own control. 

The write cycle is inhibited by holding either the OE 
pin LOW or CE HIGH. Write protection can be 
achieved during power-up and power-down by holding 
OE pin LOW. If OE goes LOW after the write has 
started, the write cycle will complete. 

Unlike most other EEPROMs, it is not necessary to 
precondition the byte prior to writing new data. The 
byte write cycle allows the change from random data 
directly to random data. Separate byte erase and 
program cycles are unnecessary. To change data, one 
writes as in a static RAM. 

It is necessary to refer to the data sheet for the 
latest timings; however, Table 1 shows the byte write 
cycle timing for the 300nsec part. 



eliminates complicated timing required by similar 
devices as shown in Figure 6. 
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Figure 6) Comparison of timing and level requirements of the high voltage 
pulse between the Intel 2816 and the Xicor X2816A. The shaded portion 
indicates the operating range of each part. 

The X2816A uses no current from the high voltage 
pulse. Bringing pin 21 above 12 volts is sufficient to trig- 
ger the internal byte write cycle. All actual timing is 
executed by the part itself. Since the X2816A can write 
directly from random data to random data without an 
intervening erase, the user can make software 
changes to shorten the code by removing the preced- 
ing byte erase cycle, although this is not necessary if 
complete compatibility is desired. 

Optional Chip Erase Cycle 

Another mode available on the X2816A as a user 
option is the chip erase cycle, during which all bytes 
are simultaneously changed to Ts or HIGH. Since the 
part does not require that data in the byte be precondi- 
tioned, the only use for a chip erase is for setting the 
unused bytes to a known HIGH state. This operation 
requires that high voltage pulses be applied to OE and 
WE. The high voltage provides a third state on the OE 
pin, enabling an extra function without adding pins. 
This function is provided tc make the X2816A compati- 
ble to all modes of operation on the high voltage 2816. 
It is not a required mode for the majority of applica- 
tions. No time is saved by using the chip erase mode. 
It takes 20sec total to write every byte on the Xicor 
X2816A, regardless of whether the chip is totally 
erased or not. On the other hand, the Intel or similar 
2816 requires 20 sec to completely write an erased 
chip and up to 40 sec to overwrite a chip with 
random data. 



Table 1) Timing requirements for the 300 nsec X2816A. 

Optional High Voltage Write Cycle 

Although high voltage power supplies and/or pulses 
are not necessary for the X2816A, Xicor has added an 
additional mode for customer convenience. This is the 
optional high voltage write mode. The Xicor X2816A 
option provides a plug-in replacement for the Intel 
2816, NMC 2816, NMC 9716 and similar devices, with 
no extra interfacing required. The Xicor X2816A 



Implications of the 
X2816A Improvements 

In the introduction of this application note there 
were five major features listed for the Xicor X2816A. 
These were: 

1 . 5 volts only 

2. TTL level signals 

3. Short signals 



4. Random data to random data 

5. Optional high voltage mode 

The implications of each one will be discussed in this 
section. One of the major goals of Xicor is to design as 
much support requirement into the chip as practical. 

5 Volts Only 

The only power supply requirement for the Xicor 
X2816A is a single + 5 volt supply. No other power 
supply is required, either by the chip or any support 
circuitry that may be used. This makes the board 
design considerably easier and less costly. Many 
EEPROMs require one or more high voltage supplies 
to provide necessary signal levels for writing. This high 
voltage is applied either as dc voltage directly to the 
chip or as the source of the levels for an external 
pulse. Xicor has chosen to make the designer's task 
easier by including the necessary high voltage levels 
for tunneling on-chip. This high voltage, generated on 
command during the infernal byte write cycle, is totally 
transparent to the user. 

High voltage is present on the X2816A only during 
the time of an actual internal byte write cycle. This 
considerably reduces the quiescent field strengths, 
thereby decreasing the stress on internal nodes and 
oxides. Figure 7 shows a comparison of the on-chip 
voltages using internal or external high voltage pulses 
as opposed to a high voltage power supply. 



a) USING HIGH VOLTAGE PIN 
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b) USING ON-CHIP GENERATOR 
OR OFF-CHIP PULSE 
(STRESS IS ONLY DURING WRITE) 



Figure 7) Comparison o1 on-chip voltages between an EEPROM using 
a) high voltage power supplies and b) internal or external high voltage 



Since constant high voltage on the chip has deleteri- 
ous reliability implications, an EEPROM with a high 
voltage pulse generator on-chip offers two benefits. 
These being the elimination of boardspace and design 
time for external components, and reduced stress-time 
levels on the chip to avoid a potential reliability hazard. 
In addition, parts requiring múltiple power supplies can 
lead to power supply sequencing problems. If the high 
voltage supply is present without the lower voltage 
supply the part may be destroyed. 

TTL Level Signals 

Some EEPROMs require specially shaped high volt- 
age pulses. These pulses usually last the entire period 



of the write cycle. The Xicor X2816A provides on-chip 
all necessary high voltage functions totally transparent 
to the user. When an external high voltage pulse is 
required by an EEPROM, it may require controlled rise 
and fall times (which may be different, as well as 
requiring unusual signal levels). Taking this external 
pulse requirement away saves design complexity, 
costs and reliability problems. 

Short Signals 

Some EEPROMs require that address and data be 
held vàlid during the entire write cycle. This may 
require the use of wait states or, more usually, external 
latches to capture the addresses and data as well as 
the control signals. The Xicor X2816A requires only a 
200nsec signal to initiate the internal byte write. cycle. 
Once started it will complete by itself. The-elimination 
of external latches saves considerable cost and 
boardspace. 

These first three feature advantages can be seen in 
the evolution of EEPROMs shown in Figure 8. 
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Figure 8) Evolution ol easy-to-use EEPROMs from the Intel 2816 and 2817 
to the Xicor X2816A. 

From requiring an external high voltage pulse and 
latches, to a high voltage power supply, this evolution 
shows final ly, no external support requirement (other 
than possible optional buffering in layer systems). 

Internal latches also allow tremendous write time 
savings for large systems. Different data may be 
programmed into múltiple parts. Múltiple parts may be 
programmed in parallel instead of sequentially. In a 
system using 100 parts without latches, 2000sec 
would be required to write all locations, as opposed to 
20sec for a system using the X2816A, because, while 
the first part is on its internal write cycle, the other 
parts may be written simultaneously 
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Random Data To Random Data 

Some EEPROMs require that the byte be precondi- 
tioned to a specific state before writing new data into 
the byte. Again, this is not the case for the Xicor 
X2816A. All byte erase requirements are performed 
transparently as part of the infernal byte write cycle. 
When data must be preconditioned, a full write cycle 
to the required starting data must be performed. This 
leads to extra software to reduce as much time as 
possible. An example of possible extra software is 
shown in Figure 9. 
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Figure 9) Comparison of software requirements for minimum write time 
systems between a) preconditioned data and b) random data prior to the 
write cycle. 

Optional High Voltage Mode 

In addition to all aforementioned benefits, the Xicor 
X2816A can also substitute directly for the Intel or 
similar 2816 as shown in Figure 10. 




EEPROM socket, designed for the high voltage 2816. 
No other EEPROM offers such flexibility. It is important 
to keep pin 21 above 2.4 volts in this mode. Otherwise, 
a second false write can be triggered at the comple- 
tion of the high voltage pulse. 

The X2816A Can Be Used 
Like A RAM 

The only EEPROM currently able to plug into a 
Standard 2K x 8 RAM socket is the Xicor X2816A. The 
X2816A will operate with all signals provided by that 
conventional socket. The device becomes fully func- 
tional with a simple read or write operation. The only 
restriction being to wait at least '10msec, or until the 
internal byte write cycle is completed, whichever 
comes first, before starting another EEPROM cycle. 
It is possible, however, to use the bus for other tasks 
during this wait. 

Programming Optimization 

Several methods can be used to determine when 
one can command another EEPROM cycle. The 
system designer can use either a software or hard- 
ware time-out or use an interrogation scheme. The 
time-out can be derived from a software loop, a 
16.7msec AC marker or some other timed interrupt. 

It is possible to speed up writing blocks of data into 
the X2816A by using the interrogation method. Since 
the average part completes its internal byte write cycle 
in 4 to 6msec, it is quicker to initiate the next write 
cycle as soon as control of the output buffers is turned 
back to the CE and OE pins. The output buffers go to 
the high impedance mode during write and can return 
to the low impedance mode, under control of CE and 
OE, only after the internal write cycle completes. In 
this manner, the part can signal the system that a write 
cycle has finished. 



HIGH VOLTAGE 2K x 8 5 VOLTS ONLY 

2816 SOCKET RAM SOCKET 2K X 8 

EEPROM SOCKET 



Figure 10) The Xicor X2816A works equally well in three environments. 

Designers have the option of using the Xicor X2816A in 
a Standard low voltage RAM socket, or a high voltage 
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Interfacing To 
Microprocessors 

Since the Xicor X2816A will operate in a 2K x 8 
RAM socket, interface to a microprocessor is simple. 
The connections to an 8085 microprocessor are 
shown in Figure 11. 
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Conclusion 

Each improvement made in EEPROMs provides 
extended potential applications. By eliminating the 
need for any hardware support, the Xicor family of 
EEPROMs makes it as easy to alter nonvolatile data 
as ít is to write to a static RAM. Clearly this unprece- 
dented ease-of-use widens Standard EEPROM applica- 
tions through Iower costs and reduced Poardspace. A 
5 volt power supply requirement improves reliaPility 
and lowers the damage risk to other components, 
unlike EEPROMs that require a fixed high voltage 
power supply. In addition to download type applica- 
tions, where a remote system is reprogrammed over 
a phone line, these smarter EEPROMs will eventually 
be used in machines that adjust themselves to their 
particular environment. The Xicor EEPROM family 
allows designers freedom from former limitations. 



Figure 11) Interfacing the X2816A to the 8085 microprocessor. 



The 8 bit latch captures the low order addresses from 
the combined address/data bus. The latch and a 
decoder are the only additional circuitry required for 
this interface, normally found in any system using 
Standard RAM or ROM. These are the same connec- 
tions required by a fully static RAM. 



29 



30 



1 1 [ 1 

Xicor 






































v 
































































































i 


7 


































A 




V 





























trrr 



Vol. 1, No. 1 



July 8, 1983 



NONVOLATILE DATA INTEGRITY: Inadvertent Write/Store Elimination 

By Reggie Huff 

Xicor 's exciting nonvolatile memory products are backed up by designed-in 
protection features which ensure data integrity. These include: 



•Onboard Vrx Sensor 

All operations inhibited when 
V CC <3.0V. 



•Orderly Power Transition 
The device will not self -generate 
inadvertent write/store operations. 




• Noise Filter 

The E^PROM has an additional 
feature which blocks noise 
spikes on control lines. 



•Write/Store Inhibited Control Pins 
Multi-pin write/store command signal 
requirements provide both data secu- 
rity and design flexibility. 



With Xicor nonvolatile memòries: 

Data is maintained through power-on, power-off, power-up, power-down, system 
crash, and the entire range of system conditions when some simple design rules 
are observed. Often nonvolatile system designers are frustrated by inadver- 
tent system command signals during power-up and power-down operations. Being 
generally nonperiodic in nature, these elusive culprits can lead the designers 
to the false conclusion that the memory device is malfunctioning. This, how- 
ever, is rarely the case. The system is more often sending an unintended 
write/store command. This problem is easily resolved as shown in this appli- 
cation brief. 

i 

GIGO Going to Sleep 

Just as a person falling asleep at the wheel can inadvertently command his 
vehicle into an undesirable situation, digital systems transitioning from 
normal operation to a power-off state or vice versa can distribute random 
data, addresses, and control signals along the way. 

Since Xicor nonvolatile memòries accurately and reliably store data as 
instructed, garbage stored at power-down will be impeccably retained and 
available upon power-up. (That's nonvolatile GIGO.) 



GIGO is an acronym popular in the computer world for "Garbarge In Garbage Out". 
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Protection-Conscious Design 



Data integrity is a major criterion with Xicor products and several superb 
features were designed into Xicor' s memòries to ensure it. 



•V^c Sensor 

An onboard sensor establishes a threshold supply voltage of 3.0V below which 
the write operation on E2pR0Ms and the store operation on NOVRAMs are blocked. 
Above this voltage, write and storage operations are available and therefore 
must be protected from unplanned instructions . 



•Orderly Supply Transitions 
As a system powers up or down, the possiblility of unintentional , internally 
generated control signals increases dramatical ly . The Xicor nonvolatile 
memory family has designed-in protection to eliminate self-generated write/ 
store commands. 



•Noise Filter 

An additional feature designed into Xicor's E 2 PROM family is a noise filter 
to prevent glitches on the WE line from initiating a write cycle. This 
feature ignores pulses of less than 20ns duration so that noise spikes are 
not misconstrued as write commands. 



•Write/Store Inhibition Control Pins 
The entire Xicor nonvolatile memory line requires combinational control 
pin conditions in order to execute a write/store command. The NOVRAM has 
two essential pins and the E^PROM has three essential pins involved in the 
store/write cycle initiation. By disallowing any one of the required pin 
conditions, the user can prevent unplanned nonvolatile data changes so 
that data integrity is maintained. 

Write/Store Pin Conditions 
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NOVRAM Family 



E 2 PROM Family 



2 ARRAY RECALL blocks all control inputs but does not halt a store in process. 
3These are the only conditions allowing nonvolatile data change. 



Two Simple Solutions to Prevent Unintentional Nonvolatile Data Changes 



SolutionI- "Hold-Low" Protection 

Th e simplest solution is to pull the 
OE (or ARRAY RECALL) to a lògic "0" 
whenever the supply voltage is below 
the (5.0-10%) system threshold. 

The Intersil 1 * ICL 8211 programmable 
voltage reference is an inexpensive 
8-pin mini DIP which will sense a 
selected voltage threshold and out- 
put a lògic "0" when the supply is 
below that threshold. Conversely, 
as the sensed voltage rises above 
the selected threshold, the ICL 
8211 outputs a lògic "1" following 
its supply voltage level. 



Solution II - "Hold-High" Protection 

The second method of data protection 
during power su pply t ransitions is to 
keep the_NOVRAM STORE pin (or the WE 
and/or CE pins in the E 2 PROM family) 
near the power supply voltage. By 
preventing the low condition of these 
pins which is necessary for a write or 
store operation, inadvertent stores 
will be eliminated. 
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Figure 1 



The graph in Figure 1 shows the per- 
formance of the Intersil ICL 8211. The 
top plot is a sawtooth which is connected 
to "5V supply" as shown in the Solution I 
and Solution II schematic diagrams. The 
bottom plot is the output of the ICL 8211. 
Note that when the supply is above 4.S0V, 
the ICL 8211 output tracks it at lògic "1". 
When the supply sawtooth is below 1.56V, 
the ICL 8211 output tracks the power supply. 
However, since the Xicor memory family has 
internal protection inhibiting writé/store 
operations when Vcc i- s below 3V, no in- 
advertent write/stores will occur in this 
range. In the critical range between 3V, 
where internal protection stops, and 4.5V, 
where normal operation begins, the ICL 8211 
insures a 0V output. 



"*See Intersil ICL 8211, ICL 8212 Programmable voltage reference data sheet 
in Intersil Data Book. 
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As an alternate approach to the ICL 8211, 
some designers may prefer to incorporate 
the SGS L487. This device is a 500 mA 
precision 5V voltage regulator which 
includes an open col·lector power-on, 
power-off reset output pin, which can 
protect the nonvolatile memòries just 
as the ICL 8211 does. The timing diagram 
in Figure 2 shows the voltage on this re- 
set output pin as the supply voltage 
transitions through power-up and power- 
down. 



Nonvolatile Data Integrity Intact 

The potential problem of nonvolatile data changes during power up/down 
operations is addressed in this application brief. The problem is easily 
eliminated. A unique multiple-control -pin combination is required for 
the initiation of nonvolatile data alterations in each Xicor E^PROM memory. 
By ensuring that during periods when the operating supply voltage is below 
the specified minimum, this unique control pin combination is not asserted, 
and inadvertent nonvolatile data changes are eliminated. Two possible 
solutions are described in the Solution I and Solution II sections using 
two different parts (Intersil 8211 and SGS L487) to implement the solutions. 

These solutions may not be appropriate in all applications and certainly do 
not constitute an exhaustive list of effective solutions. The Xicor applications 
engineers are happy to discuss your situation and to assist you with any 
application qüestions you may have. 
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SGS L087 PRECISIOH VOLTAGE REGULATOR 

OUTPUT AND RESET «AVEFORMS 



Figure 2 
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AUTOMATIC PAGE WRITE *** DATA POLLING 

Two New and Innovative Features on the 64K E 2 PROM 

By Reggie Huff 



Xicor, the industry leader in nonvolatile memory technology, introduces two trend-setting 
features which are sure to establish the standards for future nonvolatile memory 
products. These evolutionary additions enhance the ease-of-use nature of Xicor's 
E 2 PROM even beyond that of the industry Standard X2816A (16K E 2 PROM) introduced by 
Xieor in 1982. 

Automatic Page Write 

Allows the user to write up to 16 bytes at a time using Standard microprocessor write 
cycles. After a 200/js "write-window", the I/O buffers go into a high impedance mode 
so the bus is freed for other tasks. Assuming the typical write period of 5ms, the 
effective write time is thereby reduced to (5ms/16 bytes -) 312 .5>u seconds per byte. 
Clearly, a quantum leap in E 2 PROM write speed performance. 



Data Polling 

Provides a simple software technique for testing for the completion of a nonvolatile 
write cyele. This method requires no extra pins and no exte rnal hardware which is 
consistent with Xicor's user oriented design strategies. Data Polling allows the user 
to take advantage of the typical write times without sacrificing compatability with 
other byte-wide memòries. This method also allows the last two unconnected pins in 
the Standard 28 pin package (pins 1 and 26) to be reserved for higher order address lines 
in the next generation E 2 PROM. 
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The X2864A package shown in Figure 1 reveals 
the two unconnected pins on the 28 pin package. 
This allows for board designs which accommodate 
the 64K E 2 PROM to upgrade to 256K with the 
only change being the addition of high order 
address signals. The same 28 pin footprint can 
also house a lower-justified 16K E 2 PROíM 
- X2816A - with the simple addition of two 
jumpers (connecting pins 23 to 27 and 26 to 28). 
See Sales Brief, Vol.l, No. 1. 
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Figure 1 



Automatic Page Write — Speeifics 

The Automatic Page Write feature designed into the X2864A brings the E 2 PROM to 
yet another level in its ràpid evolution. Xicor's popular on-board address and data 
latch has been expanded to an array of 16 bytes, so that the user may write up to a 
full page (16 bytes) in each 5ms nonvolatile write-cycle. No special signals are required 
to set up the operation, and the procedure is executed using Standard microprocessor 
write-eycles. 
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" — AUTOMATIC ERASE/PROGRAM CYCLE (5rasec) 

Figure 2 

Figure 2 shows the timing diagram documenting this feature. The Automatic 
Erase/Program Cycle is initiated on the last falling edge of either CE" or vVE providing 
that OE is high. At this time, the address bits are locked in defining the page to which 
the subsequent 15 bytes may be written. 

Note: A page is specified by the eight most significant address bits. Therefore, the 
addresses of all bytes written in a single write-cycle may differ onlv in the four least 
significant bits. 

A 200/ís window is nested within the Automatic Erase/Program Cycle and is designated 
as the page address and data set-up period in Figure 2. This window defines the time 
during which the X2864A may be written and as many as 16 Standard microprocessor 
write cycles may be executed. Of course, between write cycles, the microprocessor 
may access other devices in order to fetch the data to be stored in the E 2 PROM. The 
use of this feature is optional. Any number of bytes between one and sixteen may be 
written and those may be in any order. 

At the end of this 200>is window, the X2864A begins its internal write sequence by 
freeing the busses for other system use. From this point until the completion of the 
nonvolatile write cycle, the device will ignore control pin inputs. This allows the 
system to continue task performance while the X2864A busies itself internally performing 
the Automatic Erase procedure and copying the data from the latches into the appropriate 
locations in the E 2 PROM array. 

Several qüestions are naturally raised at this point: 

1. What happens to the bytes not addressed on a page which is being written to? 

2. What happens if the page address is changed during a Write Cycle (i.e., bytes are 
written to different pagès)? 

3. What if 200^8 is too short to fetch and page write all 16 bytes? 



Al:The bytes which are located on the page being written to and which are not actually 
modified will contain the same data before and after the nonvolatile write cycle. The 
user may write any number of bytes up to 16 in a given cycle, and the bytes need not 
be sequential since within a given page, they may be written in any order. If a 
particular location is written to more than once on the same page, then the last data 
written to that location is the data which will be copied into the E 2 PROM. 

A2:The requirement that all bytes be contained within the address variation of the four 
least significant address bits is a strict one. If any of the higher order address bits 
are changed during the page address and data set-up period, the resultant E 2 PROM 
content is not predictable. That situation must simply be avoided in the software. 

A3:The 200yus (guaranteed minimum) timeframe was selected after careful consideration 
of the wide variety of microprocessors available. This window was chosen as optimal 
and allows the vast majority of microprocessors to utilize the Automatic Page Write 
feature completely. Particularly slow microprocessor systems can enjoy the benefits of 
this feature by minimizing machine cycle overhead in the E 2 PROM write routine or by 
writing 4 or 8 bytes in each cycle instead of 16. 

The Automatic Page Write feature provides the user with a simple method of increasing 
the effective write speed by a factor of 16. In order to further utilize the write 
speed potential of the X2864A, the user must have some way of sensing the actual 
comp letion of the Nonvolatile Write Cycle. The sensing technique is the feature called 
Data Polling. 



Data Polling — Specifics 

Due to the unparalleled convenience of on-chip address latehes, on-chip data latches, 
on-chip cycle timer, and the Automatic Page Write feature, the microprocessor writing 
to Xicor's X2864A E 2 PROM is free to handle other tasks while the memory sequences 
through its internal write cycle unattended. Upon completion of latching (1 to 16) 
byte(s), the microprocessor can direct its attention elsewhere until the maximum specified 
write time has elapsed. At this point, the memory may be accessed for read or 
subsequent write operations. 

The X2864A devices normally complete the nonvolatile write cycle substantially faster 
than the maximum time specified on the data sheet. In order to take advantage of 
this faster write potential, Xicor engineers created Data Polling. 

Data Polling Operation 

Data Polling uses the most significant bit (MSB) of the last byte written to indicate to 
the microprocessor when the write operation is complete. During the nonvolatile write 
cycle, 1/07 is the complement of the last D7 written. Thus, the microprocessor can 
simply read the last byte written and compare the result with the actual data written 
(which was retained in the accumulator). When the vàlues are equal, the write cycle 
is complete. 
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The flowchart below shows the minimal software necessary to "Poll" for "Data", thereby 
testing for nonvolatile write cycle completion. 



During write cycle 

• l/O, is the complement of bit written 

• l/O through l/0 6 are floating 

• A compare with byte written fails 

After write cycle is completed 

• All bits are correct 

• A compare with byte written passes 

WRITE 

COMPLETE 

Since, prior to nonvolatile write cycle completion, the MSB is inverted, the comparison 
test will fail and the loop will continue. When the write cycle is complete, the 
comparison test will succeed and control will fall out of the loop. The tiser may then 
access the memory for the next read or write operation. 

Data Polling Subroutine Exam pies 
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Another Industry Breakthrough 

The X2864A Automatic Page Write and Data Polling features provide the user with 
versatile application options never before possible. Xicor steps out again with on-chip 
features designed to meet the needs of pace-setting systems engineers. Effective 
E2 PROM byte-write times below 300/ís using no extra hardware, no extra pins, and only 
two lines of code define the leading edge. 
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X2443/X2444 NONVOLATILE RAMS 



The Industry's First 5V-Only NO VRAM Family Branches 
into Serial Interface Microcomputer Systems 



By Reggie Huff 



Vol.l,No.3 



August 30, 1983 



Xicor, the trend setting pioneer in nonvolatile memory technology, leaps ahead again 
with the first NOVRAM designed for port-oriented, single chip microcontrollers and 
microcomputers. The X2443/X2444 are highly cost-effective additions to the ever 
expanding writable nonvolatile memory family created at Xicor. 



* 
* 



Low Cost 
5 Volt Only 
Three Pin Control 
Unlimited RAM Data Changes 
Mini mal Support Circuitry 



Low Power 

Fully Static 

Compact 8-Pin Dip 

10 Year Data Retention 

Security Data Proteetion 



The X2443/X2444 are 256 bit (16x16) serial NOVRAMs providing both static RAM 
accessability and E 2 PROM nonvolatility packaged in a cost-effective 8-pin DIP. The 
devices use Xicor's proven NMOS triple-poly floating-gate thick-oxide technology to 
provide long term reliability. Low power Standby and Sleep modes, provide the ideal 
solution for remote and portable system needs. The memory can be completely controlled 
through the use of as few as three control signals allowing conservation of single chip 
microcomputer I/O lines. 

The only control pins required for interface are CE, SK, Dl, and DO. Three control 
line operation can be realized by tying ÜI and DO together to create a single port 
serial-data I/O line. The pin configuration on page 1 of the data sheet shows that all 
required control pins are on the same side of the space saving package. This simplifies 
board layout and minimizes real estate requirements. 

Device operation is primarily controlled through instructions which are clocked into the 
Dl pin as eight bit words. The instruction register is initialized upon the rising edge of 
CE and thereafter waits for a 'marker bit' (which is simply a '1' on Dl upon the rising 
edge of SK). The next four data bits clocked in are interpreted as address bits 
identifying which of the 16 memory words will be operated upon. The last three bits 
clocked in are the op-code specifying which operation the device is to perform. (Please 
refer to diagrams 1-5 on the data sheet.) 



39 



The following seven 8-bit instruetions control all the features of the X2443 and X2444 
memory systems. 



Marker 
Bit 



Address 
Bits 



Instruction 
Bits 



RAM READ 
RAM WRITE 



1 
1 



AAAA 
AAAA 



11X 
011 



RECALL 
STORE 



1 
1 



xxxx 
xxxx 



101 
001 



SLEEP 



1 



XXXX 



010 



WRITE ENABLE 
WRITE DISABLE 



1 
1 



XXXX 

xxxx 



100 
000 



X2443/X2444 Instruction Set 



Note: There are two types of instruetions; instruetions having a specific address field 
and those with nonspecifc address fields (XXXX). The former always preeeed a RAM 
data operation, the latter are array oriented operations affecting all address locations 
simultaneously. 

The SK pin is a static clock input active on the rising edge. This statie nature allows 
the cloek sequence to be interrupted at any point and to then be eontinued at the 
user's convenience. If the SK pin stops toggling during an instruction sequence, the 
device simply halts where it is and waits indefinitely. The user, therefore, is able to 
clock out four or eight bits of a word, for instance, and then leave the NOVRAM 
waiting, unattended, until more of the word is desired. While the SK pin is inactive 
and CE is high, the output buffer will remain in a High-Z state. The only exception to 
this is the output data phase of a RAM Read instruction. In this case, the output 
buffer will maintain the last data bit clocked out until the subsequent rising edge of 
SK. This static nature allows the implementation of the serial interface with a software 
routine which controls an I/O port. If desired, the SK pin may be controlled by a free 
running clock at a rate up to 1MHz on the X2444 (0.9MHz on the X2443). 

The CE pin must remain high for active operation. When CE is brought low, the 
instruction register is reset and the low power standby mode is selected (see I§b on 
data sheet). This allows early termination of instruetions in progress which may be 
useful, for example, in the event of a system crash. CE must be brought low before a 
new instruction will be recognized. If CE remains high, RAM Read and Write operations 
will continue with the clock by "wrapping around". That is to say that a word will 
continue to be read (or written) again and again (bits 1-16, 1-16 ...) until CE is brought 
low resetting the instruction register. When CE resets the instruction register, the 
internal bit pointer is also reset. This means that any subsequent RAM access will 
always start with D Q of the word addressed independent of the preceding instruction. 

The RAM Read instruction consists of two parts, instruction and data. The first eight 
bits of the instruction specify the Read op-code and identify the word to be read with 
the address field. The last bit of the op-code is a "Don't Care" in order to give the 
controller a free cycle in which to change the port from an output to an input pin. This 
is sometimes necessary in combined I/O line applications. The next sixteen clock pulses 
each correspond to subsequent data bits. Note that the output buffer remains in a High- 
Z state except when delivering data in response to a Read instruction. 
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The RAM Write instruction follows a similar pattern as the Read. The first high data 
bit which is clocked in is taken to be the marker bit. The next four bits address the 16- 
bit word to be written, and the last three bits are the instruction op code 11. The 
next sixteen clock cycles write sixteen bits into the RAM at the location addressed. 

The Store instruction is clocked ih starting with the marker bit and continuing through 
four "Don't Care" bits as shown in the instruction set. Since the entire RAM array is 
transferred to the E 2 PROM with this single command, the effect is global so the address 
bits are nonspecific. The X2443 and X2444 are entirely self-timed devices eliminating 
the need for any external timing apparatus. The on-board lògic sequences through the 
finite state machine, automatically generating the high voltage necessary for tunneling, 
and places the output buffer in a High-Z state. The RAM data array is then copied to 
the E 2 PROM and the device returned to a ready state . . . ALL WITfflN lOms! 

The Recali instruction is clocked in just as the Store instruction is (with nonessential 
address bits). The effect of this instruction is to copy the entire E 2 PROM array 
contents to the static RAM in a single operation. 

The Sleep instruction causes the static RAM to power down losing its data. The 
quiescent current is substantially reduced from its normal 15mA range (see Isl on the 
data sheet), and the E 2 PROM data, of eourse, remains secure. The only way to awaken 
the X2444 from Sleep Mode is through the execution of a Recali procedure. This copies 
the E 2 PROM into the RAM and returns the memory system to its normal Standby 
eondition. 



Data Security Mechanisms 

The integrity of NOVRAM memory data is essential, and Xicor engineers designed in 
several features to ensure it. First, after each power up, the NOVRAM must execute 
at least one Recali operation before it will respond to a Store command. This safety 
mechanism guarantees that the device will not perform an inadvertent Store while V cc 
is stabilizing. An internal write flag is another protection factor allowing the user to 
lock both arrays of data against unintentional changes. The write-flag must be enabled 
for a RAM Write or Store operation to be executed. 

The Write Enable/Disable instructions set and reset the write-flag respectively. The 
flag is automatically disabled upon power up, so that a Write Enable instruction is 
required before the device will respond to Write or Store instructions. This feature 
allows the user to lock and unlock the data change mechanism for added security. For 
maximum data protection, the flag should be set just prior to a RAM Write or Store 
instruction and reset immediately thereafter. (Note: The Store procedure automatically 
resets the flag.) Alternately, this safety feature may be bypassed to achieve software 
minimization by simply setting the flag as an initialization after power up and immediately 
after each Store operation. 

Hardware Control 

The last data security feature involves the Store and Recali pins which allow hardware 
initiation of the Store and Recali operations. The result of these operations is identical 
whether initiat ed thr ough hardware or software control. An internal Schmitt trigger 
buffer on the Recali input pin makes its operation threshold level sensitive, ideal for 
automating a Recall-upon-power up mechanism with a simple RC circuit (see Figu res 1 
and 2 under 'Typical Serial Interfaces' on the X2444 data sheet). The hardware Store 
pin is protected with a noise filter which prevents glitches and no|s^_spikes^rom 
activating an unintentional Store cycle (see tsxD on data sheet). The Store and Recali 
control pins initiate their respective operations independently of the CE, SK, Dl, and 
DO pin conditions. 
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They can be used to automate the Store (for crash protection) and/or Recali (for Recali 
upon power up) operations making them transparent to the software system (see Figures 
1 and 2 under 'Typical Serial Interfaces'on the X2444 data sheet). They may otrjerwise 
be tied to the supply rail effectively removing the hardware feature from consideration. 

The potential conflict between hardware and software instructions is resolved by the 
built-in priority system: 



1. RECALL: Independent of all other pin conditions; will interrupt any operation 

(excep t a Store) in progress initiating a Recali operation. While 
Recali is low, all other input signals are ignored. 

2. STORE: a. The Recall-since-power up and set-write flag conditions must 

have been met in order to initiate this procedure. 

b. The Recal i pin must be high. 

c. The Store pin overrides everything except a RAM Write in 
progress. In order to ensure the integrity of the captured data, 
a RAM Write instruction will not be interrupted during its data 
phase. Instead, the Store operation will be inhibited until the 
RAM Write instruction is terminated by bringing CE low. If CE 
is brought low during the data phase of the RAM Write, those 
bits of the addressed word already overwritten will be stored as 
new data and those bits not yet overwritten will be stored 
without change. Please refer to Application Brief Vol.l, No.4 
for further information. 

This Store hierarchy allows for a quick and orderly Store operation upon the reeognition 
of a pending power failure (refer to Applications Note 102: Storing Data in NOVRAM 
Memòries During Power Failure). Since the hardware Store control is level sensitive, 
it may simply be held low through the completion (or termination) of the RA M Wri te 
instruction in which case the Store cycle will begin when CE falls low. Since Store is 
not latched, it may be returned high before CE falls and the Store procedure will not 
be executed. 

The last point of clarification is in the area of cycle-ability. The distinct advantage 
of NOVRAMs over E^PROMs is the ability to change data as often as one wishes. The 
RAM portion of the memory can be written to, and read from, indefinitely. The only 
time it would be necessary to update the E^PROM portion of the NOVRAM is before 
a power down. Storing upon the least freqüent of either data changes or power down 
will maximize the life of the device generally placing that far beyond the actual system 
needs. 

The combination of Xicor's renowned user oriented features with a little creative 
engineering make the Serial NOVRAM family the most versatile memory devices available 
to single chip microcomputer systems. A dual array memory system incorporating serial 
synchronous operations coupled with fast acting hardware inputs, data security options, 
low power operations, 5 volt nonvolatility, three pin control, and very low cost takes 
the system designer to the industry's leading edge. 
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X2816A Oesígn Allows Upgrade to X2864A and Beyond 

By Rick Orlando 

August 23, 1983 



Since the announcement of the X2864A, many customers have expressed a desire to 
design an X2816A socket that can be upgraded to aecept the X2864A. The 28-pin 
footprint of the X2864A allows eventual migration up to the 256 K bit level. If a board 
design is done properly, the socket can aecept the entire product family. 



X28XXXA 
(64K, 128K, 256K) 






r 

1 


-1 r - • 


■ ~ 1 
1 


A«r;j < 1 > 


(28 




r "1 Vcc 


a 12 r 


(2) 


(27) 




r ]WE 










□ Vcc (A 13 ) 




1 (3) 


(26) 


24 




2 (4) 


(25) 


23 


□ A« 


A 5 q 


3 (5) 


(24) 


22 


□ A 9 


A4 r- 


4 (6) 


(23) 


21 


□ WE (An) 


AsQ 


5 (7) 


(22) 


20 


□ ÒE 


A 2[= 


6 (8) 


(21) 


19 


□ A 10 




7 (9) 


(20) 


18 


□ CE 


Ao^ 


8 (10) 


(19) 


17 


□ I/O7 


l/Oo Q 


9 (11) 


(18) 


16 


□ l/C-6 




10(12) 


(17) 


15 


□ i/o 5 


\IO2\Z 


11(13) 


(16) 


14 


□ I/04 


Vss □ 


12(14) 


(15) 


13 


□ I/03 



16K POSITION 



O V CC 
WE 



64K & ABOVE POSITION 
J6K POSITION 

An 



■ A!3 



64K & ABOVE POSITION 



SWITCH (OR JUMPER) CONFIGURATION 
FOR UNIVERSALITY 



X2816A 



First, let us look at the "universal" socket. 

One can see that the socket will aecept Xicor E 2 PROMs from the 16K level through 
the 256 K level with essentially two switches determining which footprint the socket is 
to be. 

The next question is how can one minimize the address decoding lògic for a board 
populated with the above "universal" sockets? We will assume that we have a board 
with eight "universal" sockets. We would like to design the address decoding lògic to 
allow the eight X2816A*s to be replaced by two X2864A's once they become cost 
effective. 
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First, we look at the addresses that each chip will be mapped into: 



Chip # 


Addppss 


Roncrp 


X2816A (1) 


0000 


07FF 


(2) 


0800 - 


0FFF 


(3) 


1000 - 


17FF 


(4) 


1800 - 


1FFF 


(5) 


2000 - 


27FF 


(6) 


2800 - 


2FFF 


(7) 


3000 - 


37FF 


(8) 


3800 - 


3FFF 



Chip # Address Range 
X2864A (1) 0000 - 1FFF 

(2) 2000 - 3FFF 



The breakdown of the decoding for such a scheme is listed as follows: 

X2816A Chip Selects* X2864A Chip Selects* 

A 15 A 14 A 13 A 12 A n 1 2 3 4 5 6 7 8 1 2 
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*Chip Select is active low. 



One possible solution is to use two 74LS138's with one being wired for the X2816A and 
one for the X2864A. If X2816A's are used in the board, LS138-A is installed and LS138- 
B is omitted. Conversely, if X2864A's are being used, LS138-B is installed and LS138-A 
is omitted. 



1-OF-8 DECODER 



VMA* 

A15- 
A14- 



A13- 
A12- 
A11- 



Ei 
E 2 
E 3 



A 2 
Ai 
Ao 



MA" 



00 
01 
02 
03 
04 
05 
6 

LS 138 0? 



A 2 




Oo 
0i 




Ai 
Ao 


"B" 




Ei 






E 2 






E 3 


LS 138 






X2816A 
CE (1)|X2816A 
X2816A 



X2816A 
X2816A 
X2816A 

X2816A/X2864A 
X2816A/X2864A 



*VMA = VÀLID MEMORY ADDRESS. 
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The two X2864A's are placed in sockets 6 and 7. 

Another solution for the address mapping question is to use a 32x8 bipolar PROM for 
address decoding. 



A15 



A14 
A13 
A12 
A11 
VMA 



A 4 



CS 



D 7 
D 6 
D 5 



A3 74S188 

32x8 PROM D4 



A 2 
Ai 
A 



D 3 
D 2 
Dl 

Do 



CE (LOW) 
1 2 3 4 5 6 7 8 



One simply ehanges the PROM for replacing the X2816A's with X2864A's. 

Another related ease is where the designer would like to increase the memory capacity 
of the board as the X2864A becomes available. In this ease, we need to replace the 
eight X2816A's (128K bits/board) with eight X2864A's (512K bits/board). 



Using the "universal" sockets, this is relatively easy. 
again using a 32x8 bipolar PROM. 



VMA 



A15 
A14 

A13- 

A12 

A11 



A4 
A 3 
A 2 
Ai 
Ao 



CS D 7 

D 6 

D 5 

74S188 
32x8 PROM U4 

D 3 
D 2 
D1 

Do 



We use the following circuit, 



CE (LOW) 
1 2 3 4 5 6 7 8 



One simply ehanges the program in the PROM to go from using X2816A's to X2864A's. 
The listing on the following page shows the PROM program for the X2816A's and the 
X2864A's. 
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16K Bytes 
X2816A Program 
0000 - 3FFF 
All A12 A 13 A 14 A 15 D Di D 2 D 3 D 4 D 5 D 6 D 7 



64K Bytes 
X2864A Program 
0000 - FFFF 

DO D l D 2 D 3 D 4 D 5 D 6 D 7 



It also allows differen 



I 



be used on the same board. 

as X2816A's and 64K CMOS RAMs on the board. 
either 16K or larger devices, then only two jumpers ar 
all of the "universal" sockets. Just insure that the V"cc jumper will handle all of the 
current required by the memòries. 
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fhe 


PROM 


decode 


method 


allows a 


mixed 


combina 


tion of X2816A's 


and 


X 



to 



ypes of memory to be used such 
the board is to be used with 
needed per board to configure 



The address decoding can be extended even further to incorporate expansion to the 
256K bit E 2 PROM. A larger PROM would be all that is required, but this tòpic is 
beyond the scope of this brief. 

One can see that through using foresight in design, a modern designer can implement 
a memory socket that is truly universal in allowing the use of the most cost-effective 
E2 PROM densities available. 
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Xicor 



Replacing DIP Switches with Nonvolatile Technology 



By Riek Orlando 



Vol.l,No.7 



One of the most prevalent applications 
for small nonvolatile memòries is that of 
replacing DIP switches. The advantages 
of the nonvolatile memòries is clear. 
They take up less room, are easier to 
use, and lend themselves to automated 
board assembly. 256 bits of information, 
or the equivalent of 32, 8-bit DIP 
switches can be implemented in a single 
package. 

Xicor's new X2443/X2444 Serial 
NOVRAMs add yet another feature 
— low cost. When coupled with the 
serial devices' minimal interface 
requirements, the X2400 series takes on 
DIP switches head on, and is obviously 
the cost/performance leader. The 
purpose of this brief is to describe how 
easy it is to replace a DIP switch with 
an X2400 series NOVRAM. 



DIP Switch Interface 

There are two common types of DIP 
switch interfaces. 



























i/o ! 

PORT 1 ) 


















































a) 



September 26, 1983 



VO Port 

The first uses an I/O port with internal 
pull-up resistors. Figure la shows a 
typical circuit that could be used either 
with a single chip microcomputer or with 
an I/O port on a microprocessor bus. In 
either case, the internal pull-ups present 
a lògic "1" to the input as long as the 
DIP switch is open. To use an X2400 
series Serial NOVRAM in the DIP switch 
socket, one only needs to tie pins 14, 15, 
and 16 of the 16-pin socket to Veo 

One then plugs an X2400 series part in 
the uppermost half of the socket, and the 
circuit becomes that shown in Figure lb. 
v CO STORE, and RECALL are tied hard 
to 5 volts, so that all nonvolatile 
operations are controlled through 
software. The four interface lines from 
the X2400 series are connected to the 
four least significant I/O lines of the port. 



+5 
Q 



l/O 
PORT 1 



CE X2443 V " 

SK STORE 
Dl RECALL 
DO V. 



b) 



Figure 1. Microcomputer with Internal PuJlups 
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No Internal Pullups 

The second type of interface uses ports 
which do not have internal pullups. In 
this instance, the X2400 series part can 
be plugged into the top section of the 
pullup resistor socket, with a jumper 



from pin 13 of the 16-pin site to ground, 
for the Vgg on the serial part. Again, 
V cc , STORE, and RECALL are tied to 
+5V through the eonnections used for the 
resistor pack. The DIP switch socket 
simply remains empty. See Figure 2. 



+5 



l/O 
PORT 1 

fJC 



*5 



l/O 
PORT 1 

fJC 



Et 



Figure 2. Microcomputer without Internal Pullups 



Both of these implementations free up 
four more I/O lines to be used elsewhere. 
They also require the same software to 
drive the X2400 series parts. 

Assume that the processor is a 6801 with 
the X2444 replacing a DIP switch. The 
Procedure "INIT" initializes the port (see 
Section 1, "X2444 Driver Program for 
6801"). 

Serial output is accomplished by loading 
the data to be output into the A 
Accumulator. A loop routine then shifts 
a bit into the carry, sets the serial data 
out (Data in for X2444) to either a "1" 



or "0" depending upon the state of the 
carry and toggles the clock. See Section 
2 Procedure "SHIFT1" of X2444 Driver 
Program for further details. 

The serial input is performed by a loop 
which examines the state of the serial 
data in, (Data out for X2444) sets the 
carry accordingly, shifts the carry into 
the accumulator and toggles the clock. 
See Section 3 Procedure "SHIFTIN" of 
X2444 Driver Program for further details. 

The complete software is as follows, and 
it occupies about 100 bytes of code. As 
one can see, the X2400 parts are indeed 
a great replacement for DIP switchesü 
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assumí: 

PORTI ' 



I/O 
I/O 1 
I/O 2 

r/n 3 



6801 X24H DRIUER 
THAT PORTI ÍS USED AS THE 2W INTERFACE 
i REGISTERS ARE LOCATED AS FÜL.LOWS 

DATA DIRECTION HEX 00 0(1 

PORT HEX 02 

PORTI X.'·'H'* 
SERIAL. CLOCK SERIAL CLOCK 

SERIAL OUT SERIAL IN 

SERIAL. IN SERIAL OUT 

2144 SELECT CHIP SELECT 



COMMANDS ARE PASSED TO THE KtM^ ROUTINE BY A PftftftMETER IN THE 
A ACCUMULATÜR, WHILE THE ADDRESS TT NEEDED IS PASSED ON THE STACK 
SERIAL DATA IN OR OUT USES THE TEMPORARY LOCATION TEMP1» 
WHICH IS A SIXTEEN BIT WORSD. THE X2WI COMMANDS ARE ENCRYPTED AS 
FOLLOWS. 
COMMAND CODE 

1 
2 
3 
1 



INSTRUCTION 
RE AD 
WRITE 

RESET WRITE ENABLE 
STORE 
SLEEP 
SET WRITE ENABLE 
RECALL 



OPCODE 
1AAAA11X 
1AAAA011 
11111.000 
11111001 
11111010 
11111100 
11111101 



; "l u vi ARE 
; MON DATA 


USED INSTEAD OF 
OPERA I IONS . 


DON'T CARE TO 


DISTINGUI8H BETWEEN DATA AND 


DIRECTION! 


. EQU 


00. 




PORTI 


. EQU 


02. 




TEMP1 


.EQU 


080 H 


;ram storage for data 


COUNT 


. EQU 


082H 


JCOUNTER VARIABLE 


DATUM 


. EQU 


ÜS4H 


; DATA STORAGE 


ADDRESS 


. EQU 


086H 


; ADDRESS STORAGE 


ERRORDATA 


. EQU 


08SH 


; ERROR DATA 




PROCEDURE INII 

THIS PROCEDURE INITIALIZES THE X2<t'H INTERFACE 

INIÏ LDAA *1BH i B«1011. 1/0 0.1 AND 3 DUTPUTS» 2 INPUT 

STAA DIRECTION1 i WRITE TO DATA DIRECTION REGISTER 

CL.RA ï SET CE TO (INACTIVE) • DOUT AND SK TO 

STAA PORTI ÍAND STORE IN DATA PORT 

RIS ; 



: SHIFTER ROUTINE- SHIFT 1 

i THIS ROUTINE TAKES THE DATA IN THE A ACCUMULATÜR AND CLOCKS IT MOST 

» SIGNIFICANT BIT FIRST INTO THE THE FLOW IS SHIFT A BIT » TOGGLE 

! THE SERIAL OUTPUT(6S01) ACCORDING TO STATE» AND TOGGLE SERIAL CLOCK 



SHIFTOUT 


LDAB 


#08. 






► LOAO THE BIT COUNT WITH 8 




STAB 


COUNT 






$ STORE IN CÜUNTER 


SHIFT 1 


ROLA 








» SHIFT BIT INTO CARRY BIT 




LDAB 


*1W 






iWE SET DATA OUT TO ZERO » WHILE SETTTNG CHIP 












; ENABLE. SERIAL CLOCK IS LOW. 




BCC 


TRAMS 






;i.F BIT IS A ZERO» THEN TRANSMIT 




ORAB 


#0211 






».IF IT IS A ONE> THEN SET DAIA OUT 


TRAMS 


STAB 


PORTI 






! STORE THE DATA INTO THE PORT 




ORAB 


*01H 






!AND SET THE CLOCK FOR A TRANSITION 




STAB 


PORTI 






SBY WRITING A 1 TO SERIAL CLOCK 




ANDB 


tlAH 






iKEEP THE DATA VÀLID» BUT SET SK TO ZERO 




STAB 


PORTI 






; AND STORE IN THE PORT 




LDAB 


«1H 






; TOGGLE CLOCK DOWN» SET DOUT TO 0» BUT KEEP 




STAB 


PORTI 






tX2WI SELECTED 




DEC 


COUNT 






( DECREMENT THE BIT CÜUNTER 




BNE 


SHIFT 1 






»IF COUNT IS NOI ZERO» TRANSMIT NEXT BIT 




ROLA 








i ONE MORE ROTATE TO PRESERVE INSTRUCTION 




RTS 








SRETURN E ROM SUBROUTINB 




i 




SHIFTIN 


ROUTINE 


; this subrüutine shifts in 


8 


BITE 


OF DATA INTO THE A ACCUMULATOR FROM THE 


» XZ^M:. 


THE ME 


IHOD IS TO E 


m 


.:R WITH THE CLOCK LÜW» TOGGLE THE SERIAL CLOCK» 


i EXAMINÍ 


: THE INPUT DATA » AND 


SHIF 


T IT INTO THE A ACCUMULATÜR . THIS IS DÜNE 


; B TIMES. THE 


ROUTINE IS 


E X I I EO 


WITH THE CHIP DESELECTED» AND THE BYTE 


i READ FRQM THE 


CHIP IN THE 


A 


ACCUMULATOR 




SHIPT» 


LDAB 


*B. 






SL0AD THE BIT COUNT 




STAB 


COUNT 






í AND STORE IT IN THE CÜUNTER 












;AT THIS E'OINT THE X2W SHOULD BE SELECTED 












ÍTHEREFORE» WE DO MOT NEED TO SELECT CHIP 


NEXT 


LDAB 


#01 






ï MASK BIT FOR 1/0 2 OF PORT 




BXTB 


PORTI 






SCHECK TO SEE fflf* INPUT IS A ONE OR ZERO 




CLC 








»CLEAR T'HE CARRY 




BEQ 


CL.OCK 






SIF IT IS A ZERO» LEAYE CARRY AI 




SEC 








» OTHERWISE SET CARRY TO LOAD INTO A 


CLOCK 


LDAB 


•1SH 






ÍSENO A CLOCK TO X2<m»BUT KEEE' CHIP SELECT HIGH 




STAB 


PORTI 






!BY WRITING A 1 TO SERIAL CLOCK OUTPUT 


SHIFT 


LDAB 


*HH 






■»SLI UP TO CLEAR CLOCK, BUT KEEP SELECTED 




STAB 


PORTI 






!AND STORE 




ROLA 








! ROTA T E CARRY INTO LSB OF ACCUMULATOR A 




DEC 


COUNT 






; DECREMENT CÜUNTER 




BNE 


NEXT 






;IF NO I ZERO» THEN WE ARE NOI DONE» GE T NEXT 




RTS 








;and retorn • rom subroutine 
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i XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX* 

! X2'»'H DRIVER ROUTINE 

; IT IS ASSUMED I HAT THE INSTRUCTION IS PASSED IN THE A ACCUMULATOR. AN 
I ADORESSr IF NEEDED» IS PASSED ON THE STACK ( CURRENT SP 2) 
! DATA TO BE READ OR MRITTEN MILL BE HELD IN TEMP1 

;xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxa 

JCHECK TO SEE IF IT IS READ OR MRITE 
;IF NOI , THEN URANI. H AROUND 
ïTRANSFER STACK TO INDEX REGÍS TER 
ÍTHE ADDRESS SHOULO BE SP+2 
SOUTPUT THE INSTRUCTION 

ÍCHECK TO SEE IF IT IS A READ OR MRITE 
;IF AC3 3='l» IT IS A READ 

;iF IT IS A MRITE, GET THE FIRST BYTE 
i MRITE THE FIRST BYTE 
i GET THE SECOND BYTE 
; MRITE THE SECOND BYTE 
i MRITE INSTRUCTION COMPLETE 
?GET THE FIRST BYTE 
í STORE IN TEMP1 
•GET THE SECOND BYTE 
S STORE IN TEMPl+1 
> READ COMPLETE 
; OUTPUT THE INSTRUCTION 

(DESELECT THE X2't't't BY MAKING CS 
; RETORN I ROM SÜBROUTINE 

S MAIN INSTRUCTION ROU T INES COULD BE MACROS 

; READ ROUTINE 

i ASSUMES T HA I T HE ADDRESS IS IN THE A ACCUMULATOR, DATA IS LEFT IN X REGISTER 



DRIVE 


CMF'A 


♦ 0F8H 




BGE 


nuíiuM 1 M 




TSX 






ORAA 


? , X 






QMTfr rni IT 




ANDA 


*01H 




ElNE 


RD 


MRT 


LDAA 


TEMP1 




JSR 


SHIFTOUT 




LDAA 


TEMPl+1 




JSR 


SHIFTOUT 




BRA 


DONE 


RD 


JSR 


SHIFÏTN 




STAA 


TEhPI 




JSR 


SHIFTIN 




STAA 


TEMPl+1 




BRA 


DONE 


NONDATA 


JSR 


SHIFTOUI 


DONE 


CLRA 






BtAA 


PORTI. 




RIS 





READ 



ASLA 
ASLA 
ASLA 
PSHA 
LDAA 
JSR 
LDX 
PULA 
RTS 



SSHIFT I HE ADDRESS 3 TIMES TO LINE IT 
;UP MI I H THE INSTRUCTION FIEL..D 



*087H 
DRIVE 
TEMP1 



fPUSH ADDRESS ON THE STACK 
ÍLOAD INSTRUCTION I.NTO A ACCUMULATOR 
» F'ERFORM INSTRUCTION 

i GET THE RESULT IN THE INDEX REGISTER 
iCLEAN UP THE STACK 

;and return 

! mrite routine 

i assumes that the address is in the a accumulator r data to mrite is in ihe 

i X REGISTER. 

i ALSO CALLS SET MRITE ENABLE LATCH ROUTINE < SUREN) TO ENABLE THE MRITE OPE RAMON 

MRITE ASLA ÍSHIFT THE ADDRESS 3 TIMES 

ASLA 
ASLA 
PSHA 
JSR 
LDAA 
STX 
JSR 
PULA 
RTS 

; xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
RMREN LDAA tOFfih SLOAD THE INSTRUCTION 

JSR DRIVE ÍAND EXECUTÈ 

RTS 

ÍXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

STORE LDAA *0F9H ÍLOAD THE INSTRUCTION 

JSR DRIVE JPERFROM OPERA ITON 

RTS ;AND RETURN 

SLEEP LDAA *0FAH ÍLOAD THE INSTRUCTION 



SMREN 
♦083H 

tempí 

DRIVE 



(PUSH ADDRESS ON TO THE STACK 
JSET THE MRITE ENABLE LATCH 
i LüAD MRITE INSTRUCTION 
; STORE DATA IN TEMP1 
; PERFORM INSTRUCTION 
JCLEAN UP STACK 
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Xicor 



READY/BÜSY 
A Solution or a Limitation ? 

By Rick Orlando 



Vol.l, No.ll 



December 14, 1983 



The Ready/Busy signal was introduced in 1982 by Intel on their 2817 E 2 PROM. It 
provided a means of determining the completion of the E 2 PROM write cycle. Since 
the Intel 2817 was one of the first self-timed E 2 PROMs, a method of determining when 
the relatively long write cycle was completed was desired, both from the end users 
point as well as the manufacturers. The problem was a simple one. Although the 2817 
required only RAM write signals to initiate a write, the device took a relatively long 
period of time to complete the wri te cy cle to allow subsequent access to the chip. 
Xicor, of course, has opted for the Data Polling approach which has been accepted by 
the industry as the most versatile and universal approa ch. Even Intel has hinted that 
the newer devices in the E 2 PROM area should support Data Polling. 

The Intel 2817 had a serious handicap in the fact that its typical write cycle time was 
listed as 10 msec, while its maximum was 75 msec. This represents a difference in chip 
re-write time of over 130 secondsü This presented a serious problem to the system 
designer who wanted to design his system for "worst-case" operation, since he had to 
assume the 75 msec maximum. This large delta was the major reason for the 
implementation of some type of write completion notification mechanism. 

It should be pointed out that if the variation in the typical write times for an E 2 PROM 
are very close and if the actual times are close to the màxim specified value, the utility 
of a write notification technique becomes minimal. As the maximum approaches the 
typical interval, the increase in overall write speed for the chip which can be gained 
from taking advantage of the typical value becomes smaller. This increase approaches 
zero in the case of equivalent specifications. Even the newer Intel 281 7 A has a wide 
difference between the specified typical and maximum write cycles. Write cycle time 
is very precisely controlled, and therefore, there is not a large range of actual write 
cycle vàlues. This minimal variation allows the Xicor E 2 PROMs to be specified with 
short maximum write cycles. Because of this, write cycle termination notification is 
not as important. Both devices do feature wr ite c ycle notification in the form of High- 
Impedance Interrogation on the X2816A and Data Polling on the X2864A. 



Ready/Busy is not an ideal method for write cycle termination notification. It is a 
hardware signal which resides on pin 1 of the 2817A's universal 28-pin socket. 
Unfortunately, the fact that it is an output rather than the expected address input 
immediately makes the socket non-standard in terms of inter-device type (RAM, EPROM, 
etc.) interchangability. This was the whole purpo se for the JEDEC 28-pin Standard for 
byte-wide memòries. The presence of Ready/Busy also limits the expansion of the byte- 
wide E 2 PROM socket to the 128K bit level, and will not allow compatability through 
the 256K bit level. Xicor is currently sampling the 64K E 2 PROM. The 256K bit is 
the next logical generation, and is well within the limits of the currently existing 
technologies. Xicor is keeping pin 1 left open on all E 2 PROM devices with densities 
lower than 256K bits to allow full expansion of the 28-pin universal byte-wide socket. 
This, of cour se, leads one to a software oriented approach to write cycle notification 
such as Data Polling. 
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Ready/Busy is also a hardware interface method. Aside from the fact that it occupies 
a potential address line on the socket, it also requires some means of providing its 
state back to the processor which is writing to the E 2 PROM. This can be aecomplished 
through either inputting the signal into a port on the processor's bus, or using it to 
generate an interrupt. While this method might seem attractive in systems which have 
only one E 2 PROM in them, it becomes a serious prob lem in systems which have more 
than one E 2 PROM. One could tie all of the Ready/Busy signals together, but that 
would mean that each write cycle would have to wait for the previous cycle to complete, 
even if it was on a different chip than the one currently needed. Use of múltiple ports 
or interrupt channels (one for each E 2 PROM) has been proposed, but unfortunately, this 
increases the support circuitry requirements for the E 2 PROMs and makes them less and 
less "RAM like". Since the overall user demands for E 2 PROMs have been to elim inate 
the support circuitry and make the devices more "RAM like", it appears that Ready/Busy 
is more of a step backwards in this respect rather than a step forward. 



Another potential problem with Ready/Busy lies in the way it is used in the Intel 
devices. The reason for the long maximum write cycle of the 2817 and 2817A is that 
the devices will check to see if the particular byte written is programmed "hard" enough 
to maintain its data. If the device determines that this is not the case, then it will try 
to program the byte again and again until the byte is verified. If a particular byte 
does not program due to its endurance limit bei ng ex ceeded, the chip will continue to 
try to write to the byte indefinitely, and Ready/Busy will never toggle. The chip will 
then hang up the system until the power is turned off and then on again. In order to 
design around this "feature", one must put in a default timing mechanism to determine 
if the byte has taken too long to write. The system must then figure out a way to 
"wake up" the E 2 PROM, an operational mode not documented in the literature. 



The proponents of Ready/Busy say that it eases the implementation of an interrupt 
driven method to write to the E 2 PROM, relieving the processor from keeping track of 
the chip timing. In most applications, the processor does not really have mueh to do 
during the time that the particular byte is being programmed, and a software timing loop 
is more than adequate. This software timing method works best with those chips whose 
typical write time are close to their maximum write times for the reasons described 
earlier. The only exceptions to this scenario are those applications involving real-time 
programs which are trying to load the E 2 PROM as fast as it will take the data, such as 
in the downloading of a program. Unfortunately, even in this application, the designer 
cannot improve the baud rate of the down-load based upon typical write times of the 
E 2 PROMs. 



In summary, the Ready/Busy approach has limited utility when one considers all of the 
factors involved in its implementation. User preference has shown that if features are 
to be added to memory devices, they should be implemented so that they are controlled 
exclusively from software rather than hardware. It is towards this end that Xicor has 
developed Data Polling on its new X2864A and expects that this method will become 
the industry Standard for write cycle completion notification. This standardization 
process can already be seen in recent product announcements including those from Intel 
and others which have st ated that their next generation E 2 PROMs (the 64K in this 
instance) will support the Data Polling approach. 
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Using DATA POLLING in an Interrupt Driven Environment 

By Rick Orlando 

Vol.2, No. 12 March 20, 1984 



The use of interrupt driven system design 
has become increasingly popular in many 
applications. Interrupt driven systems 
usually can achieve higher performance 
and improved user friendliness. An 
interrupt driven system can perform a 
variety of tasks while waiting for a 
certain condition to occur, rather than 
constantly looping and waiting for the 
occurence. Writing to E 2 PROMs is no 
exception. Since the devices take a 
relatively long period to complete a 
write cycle, the system could perform a 
variety of tasks in the meantime. 



Data Polling was introduced on the 
X2864A to allow notification to the 
processor of write cycle completion. 
The manner in which it works is quite 
simple. The processor first writes a byte 
of data into the E 2 PROM. Any 
subsequent reads to any location of the 
chip will produce the complement o f the 
data last written (hence, the name Data 
Polling) until the E 2 PROM's internal 
write cycle is complete. At this point, 
reads to any location in the E 2 PROM 
will result in the vàlid data at that 
location. It can be seen that one can 
simply write a byte, and then perform 
freqüent compares of the data in the 
location just written. The data will not 
be correct until the chip has completed 
its internal write cycle, and the Data 
circuitry is disabled. 

In applications where the processor does 
not have anything to do during the write 
cycle, the software can simply perform 
compare loops until the write cycle is 
complete, and then write the next byte. 
In applications which are more process- 



ing time limited, a test loop can be placed 
in the main program loop, which will 
check the status of a previous write cycle 
on each pass through the main or 
outermost software loop. Almost all 
microprocessor applicatio ns so ftware has 
such a top level loop. Data Polling is 
obviously adequate in these environments. 

The interrupt intensive applications may 
not have a main control loop nor can they 
usually afford the processing time for the 
processor to sit and loop until the write 
cycle is complete. In these applications, 
it would be ideal if the write cycle 
completion notification could be interrupt 
cont rolled. Although it is not obvious, 
Data Polling can be used in these 
applications as well. 

It should be noted that the whole reason 
for write cycle notification is because 
the typical write times for the E 2 PROMs 
are substantially shorter than the 
specified maximums. The magnitude of 
the delta between the typical and the 
maximum vàlues determines the 
importance of the write cycle 
notification. One can easily see that if 
the maximum write cycle time and the 
typical were equal, one would only have 
to time a fixed interval for each write 
cycle, either from a software loop or a 
hardware timer. The hardware timer 
would generate an interrupt 10 msec after 
the write cycle was initiated, and the 
next byte could be written. Keep in mind 
that the discussion of write times for 
E 2 PROMs are in terms of msec rather 
than the usec in which the processor 
executes instructions. A few usecs here 
or there are not important when compared 
to the write cycle time of about 10 msec. 
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Data Polling does not require any 
additional hardware interface in order 
to be used. It is an exclusively software 
oriented method for determining write 
cycle completion. Even in an interrupt 
environment, no additional circuitry is 
required, since all of the interface to 
the chip occurs through the data and 
address bus. 



In order to use Data Polling in an 
interrupt driven system one only needs 
a time-based interrupt generator. This 
could be a programmable timer or even 
something as simple as an AC frequency 
interrupt. The key is that the processor 
does not check to see if the device has 
completed the write cycle until the 
interrupt occurs. The interrupt routine 
simply compares the data last written to 
the E 2 PROM to the data coming from 
the E2PROM. If the two match, the 
device can be written again. If not, the 
processor simply returns from the 
interrupt routine to where it was and 
continues processing until the next 
interrupt. The interrupt source is 
maskable which prevents the overhead 
of servicing the periòdic interrupt during 
the intervals when a write has not been 
performed. 

A programmable timer or counter is the 
most elegant solution. Figure 1 shows 
the hardware configuration of a typical 
system with the E 2 PROM and the 
programmable timer on the bus. It should 
be noted that no unusual circuitry is 
needed from the E 2 PROM socket, which 
preserves its usefulness as a truly 
universal socket. The timer interrupt 
output drives one of the processor's 
interrupt lines. Many systems already 
have such a timer on the bus, and as a 
result require no additional hardware 
changes to implement this method. 

The software implementation is rather 
simple. Figure 2 shows an example of 
how it might be done using a 6800 
microprocessor and a simple timer. The 
timer control and data registers are 



mapped into the memory locations 
described in the initial header along with 
the temporary RAM variables, which are 
used to store the last data written and 
its address. 

The write routine (WEEPROM) initially 
checks to see if the E 2 PROM is ready to 
perform a write. If not, it simply èxits 
with an error code to show that the write 
has not taken place. If the write is 
performed, the timer is loaded with the 
initial count for 4 msec, and the timer 
interrupt is enabled. The processor then 
goes off and performs its normal duties 
until the interrupt takes place. At that 
point, the interrupt routine (CKEEP) is 
entered. It first checks for the proper 
data that was writ ten t o see if the write 
is complete, using Data Polling. If it is, 
the ready flag is set, and the routine is 
exited. If not, the counter is loaded with 
a smaller increment, such as 500 usec 
until the chip's write cycle is completed. 
This essentially allows the majority of the 
write time to pass (4 msec) before the 
processor checks at the more freqüent 
interval of every 500 usec. 

500 usec has been chosen in this example 
for the interrupt granularity. The value 
used for a particular application should 
be chosen based upon the actual system 
requirements. 

One can see that this implementation is 
rather easy and can be performed with 
hardware that already may exist in the 
system. By using the periòdic interface 
approach, the system has the advantage 
of using an interrupt driven write 
algorithm, while maintaining only a 
software interface to the E 2 PROM. Most 
of the "bookkeeping" sections of the 
example code are the same as one would 
use with any method of write termin ation 
notification. The end result of using Data 
Polling in an interrupt environment is 
optimization of the write cycle period as 
well as preservation of the pinout of the 
universal 28-pin socket for expansion 
through the 256K bit level for E 2 PROMs. 
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5-volt-only EE-PROM 
mimics static-RAM timing 

by George Landers, xicorinc. Miipitas, cant. 
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5-volt-only EE-PROM 
mimics static-RAM timing 



On-chip charge pump, interface latches simplify designs; 
textured polysilicon enhances tunneling through thick oxides 



by George Landers, xicorinc, Mupitas. can 

□ The approaching mastery in fabricating electrically supporting hardware (Fig. 1). The chips contain the 

erasable programmable read-only memory conjures up charge pump that generates a high programming voltage 

dramatically different system designs. On the most mun- from a 5-volt supply. Further, latches on chip hold the 

dane— but perhaps most immediately valuable— level, data, address, and control signals during alteration of the 

alterable nonvolatile semiconductor memory will soon celis, which typically takes 5 milliseconds per byte and is 

banish routine service calls by allowing remote changing timed internally. The part marks the debut of an EE- 

of system software. Not far away, if still somewhat PROM that can simply be dropped into a Standard 24-pin 

tinged with the aura of scíence fiction, is the vision of static random-access-memory socket. 
self-programmable systems that adapt themselves to a The 5-micrometer n-channel MOS technology applied 

changing operating environment. The catalyst for these to produce the X2816A 2-K-by-8-bit EE-PROM and the 

advances is an EE-PROM that is simple to incorporate in X2804A, a 512-by-8-bit version, is the same as that 

microprocessor-based systems. being used to build the devices in the Novram line of 

Now being launched by Xicor is a family of EE-PROMs static rams with nonvolatile backup arrays [Electronics, 

that is the first to do away completely with external Oct. 11, 1979, p. 111]. Recently, however, theoretical 




1. All aboard. This 16-K electrically erasable programmable read-only memory integrates all its support circuits. A charge pump generates the 
programming voltage from a 5-V supply; latches hold addresses and data during the internally timed write cycle. 



Shedding líght on electron tunneling 



The present generation of electrically erasable program- 
mable read-only memòries using floating-gate structures 
draws on a reservoir of process development, circuit 
design, and bàsic physics. The floating-gate process has 
been in production for many years and forms the building 
block of EE-PROMs. The next step toward a practical 
5-volt programmable EE-PROM centers on removing the 
high currents typically used to alter data by avalanche or 
hot-etectron injection. A high voltage can be generated on 
chip as long as only minute currents are required, as with 
the new circuit designs. 

As far as the underlying physics, the tunneling pro- 
cesses found in most floating-gate EE-PROM devices are 
described by a theory introduced in the 1920s by Fowler 
and Nordheim. As shown in the theory, if the emitting 
surface is flat, very thin oxides of around 100 angstroms 
are necessary for significant tunneling currents at reason- 
able voltages of 15 to 20 volts. To the continued puzzle- 
ment of researchers, experimental data has fit the theory 
roughly, but not especially closely. 

Xicor purposely fabricates textured emitting suríaces 
that are covered with low-lying bumps or hills formed 
during the oxidation of the polysilicon surface. Recently, 
tunneling theory has been extended to describe this tex- 
tured-surface geometry with the result that conventional 
devices are now better understood as well. 

The low-lying hills, which serve as the electron emitters, 
are less than 150 À high and more than 500 À across their 
base. The figure on the right shows the triple-polysilicon 
tunneling struct'ure in cross section, a scanning-electron- 
microscope photograph of a typical textured tunneling 
surface, and the geometry of a typical bump on the 
polysilicon surface. 

Because the oxidation is a well-controlled step, the 
properties of the emitters are exceptionally regular. The 

; 

work has significantly added to the understanding of the 
tunneling of electrons from textured polysilicon, the 
mechanism exploited in all these products (see "Shed- 
ding light on electron tunneling," above). 

This work explains how a textured surface emits more 
electrons than a smooth one for a given voltage and oxide 
thickness. (Scanning-electron-microscope studies of the 
polysilicon surface show that the texturing consists of 
low-lying bumps about 150 angstroms high and 500 À 
across.) This enhanced emission allows the use of typi- 
cally 800-À-thick oxides, instead of very thin, 100-À 
layers that are much harder to produce reliably. 

Besides being easier to manufacture, thicker oxides 
lead to increased retention of data. What's more, a 16-K 
EE-PROM with 5-nm linewidths.and 800-À-thick oxides 
promises to be more readily scaled down for denser 
memory arrays than one with, for example, 3-fim lines 
and 100-À-thick oxides. 

Floating-gate technology along with the architectural 
features making the parts simple to use present the state 
of the art in EE-PROMs after a decade of development. 
4etal-nitride-oxide-semiconductor structures yielded 
the fírst nonvolatile memòries that were electronically 
alterable. These devices store data by trapping electrons 
within the nitride and oxide dielectrics. Besides the prob- 



shape of the emitters tends to increase the elèctric field at 
the crest of the hills, enhancing the emission of electrons 
substantially, which allows the use of thick oxide layers of 
approximately 800 À. As indicated in the figure, increasing 
the voltage not only increases the emission, but enlarges 
the area from which it occurs. This effect explains the 
discrepàncies between experiments and the earlier tunnel- 
ing theory. The thick oxides have important practical 
advantages: they are easier to manufacture and lead to 
increased retention of data. 

Until recently, the theoretical work on Fowler-Nordheim 
tunneling had solved only the limited case of perfectly flat 
plates. Roger Ellis and H. A. R. Wegener of Xicor recently 
presented measurements and calculations that agree over 
a range of eight orders of magnitude in the current. With 
the aid of the methods of differential geometry, the tunnel- 
ing characteristics of a textured surface were calculated 
for the first time. As the scale of the texturing is reduced, 
the solution naturally reduces to the familiar flat-plate 
case. The figure on the far right compares the tunneling 
currents for flat and textured surfaces. 

The two structures were designed for the same operat- 
ing point— a current density of 10- 4 am peres per square 
centimeter at 17 V. At low fields, such as are applíed to 
read data, the thick oxide used with the textured surface 
has only about a thousandth the current of a flat surface. 
As a result, data retention would be expected to be far 
longer. 

The current from a flat emitter in fact can be modeled 
much more closely by considering some texturing of its 
surface. Even single-crystal polished silicon wafers have 
surface features on the order of 5 À, and normally 
processed polysilicon has even larger variations. Thus, 
Xicor's tunneling structures accentuate features that are 
always present in floating-gate devices. 



lems these devices encounter — data disturbance during 
the read operation and the loss of data over time — they 
require múltiple power supplies, one of which is often 
negative, and signal swings beyond TTL levels. All this 
complicates their incorporation within microprocessor- 
based systems that work with a single 5-v power supply 
and TTL levels. 

Further complicating their use is the fact that the 
addresses and data must be stable for the entire write 
cycle, lasting up to 40 ms. It takes extra hardware to 
capture these signals and to time the write interval in 
order to free the processor for other tasks. 

Comparing EE-PROMs 

The second generation in EE-PROMs was ushered in by 
the 2816 from Intel Corp. of Santa Clara, Calif. This 
part stores data by trapping charge on floating polysili- 
con gates, as is done in ultraviolet-light-erasable PROMs, 
or E-PROMs, and improves the data integrity compared 
with MNOS parts. Although the 2816 has a Standard pin 
configuration and uses TTL signal levels, it still requires 
an externally generated high-voltage pulse for altering 
data, rtot to mention latches for holding the address and 
data signals. 

Measured against the 2816, recently introduced third- 




generation parts incorporate some or all of the required 
supporting hardware on chip (see table). The 2817 from 
Intel moves the external high-voltage pulse generator 
onto the chip, so that a fixed 21-v supply is all the user 
must provide. Though it does include the nécessary 
interface latches, it still requires an external capacitor to 



COMPARISON OF RECENT ELECTRICALLY ERASABLE 
PROGRAMMABLE READ-ONLY MEMÒRIES 


Part 


Intel 
2816 


Intei 
2817 


Seeq 
5213 


Xicor 
X2816A 


On-chip charge 
pump 










Address and 
data latches 










Automatic 
erase 










Internal timing 
of write cycle 










Internal control of 
write-pulse shape 




needs 

external 

capacitor 






Maximum erase-write 
cycle time (ms) 


20 


75 


20 


10 





time the write cycle. More recently, the 5213 from Seeq 
Technology Inc., San José, Calif., operates from a single 
5-V power supply, but still needs latches and external 
timing. Only the X2816A completely eliminates the 
external components. 

All the X2816A's input and output signals are TTL- 
compatible and the addresses and data are latched so 
that they need be stable for only 200 nanoseconds to 
initiate the 10-ms write cycle. Once the write cycle 
starts, the part self-times the remainder of the operation, 
freeing the microprocessor and the data bus for other 
tasks. Freedom from an external timing capacitor or 
other hardware leads to considerable savings in compo- 
nent and assembly expense as well as in board space. In 
addition, the cost of design is lower because the part is 
far simpler to operate. 

As can be seen in Fig. 2, the timing of a write cycle for 
the X2816A is as simple as that for a static RAM. The 
latches are active only during a write cycle, when they 
hold the addresses and data to allow the microprocessor 
to use the bus for other tasks. A write cycle is activated 
by both chip-enable and write-enable lines going low 
while output-enable is high. The addresses are latched on 
the last low-going edge of either the chip-enable or 
write-enable signal. The data inputs are latched by the 



MINIMUM ADDRESS 
SETUP TIME: 10 ns - 
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CHIP ENABLE, CE 



OUTPUT ENABLE, OE 



WRITE ENABLE, WE 
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s 



WR1TE-CYCLE TIME: 10 ras 



MINIMUM ADDRESS 
HDLD TIME: 100 ns 



y 



MINIMUM WRITE-PULSE 
WIDTH: 150 ns 



> 



DATA VÀLID 



— V 



MINIMUM DATA 
SETUP TIME: 50 ns 



MINIMUM DATA 
HOLDTIME: 20 n 



2. Like a static RAM. The write-cycle timing for the X2816A EE-PROM looks much like that for a static random-access memory. Although the 
wríte cycle takes a maximum of 10 ms, latches hold the address and data signals. freeing the processor for other tasks. 



first of those two signals to return to the high level. 

Unlike with most EE-PROMs, there is no need to 
precondition the data at the desired address before the 
write cycle, for the X2816A automatically performs an 
erase function immediately after the cycle starts. Both 
the erase and write of the data oceur during the 10-ms 
write cycle. The condition requiring the output-enable 
signal to be high to initiate the write cycle ensures that 
the part will not be mistakenly programmed whcn the 
power is switched on or off. 

A compatible part 

Conveniently, a socket designed for one of the earlier 
EE-PROMs can accept an X2816A as well. An internal 
detector on the write-enable pin senses a signal above 12 
v and initiates the internal write cycle (and thus the part 
may second-source the 2816). This high-voltage signal is 
used only to detect the system's request to write data — 
othcrwise, the part draws virtually no current from the 
high-voltage supply. 

Further, becausc of their internal control over the 
write cycle, the Xicor EE-PROMs can plug into the Stan- 
dard sockets of 2-K-by-8-bit static rams. Thcy will 
operate with the signals normally applied to a RAM, with 
the only restriction being the delay of 10 ms after 
starting a write cycle before accessing data. As men- 
tioncd already, the X2816A is not on the bus and 
requires no servicing or supervision during this 10-ms 
wait. Since the parts time their own write cycle, other 
EE-PROMs may be updated whilc a write cycle is continu- 
ing on the first unit. 



The 10 ms quoted is the maximum delay for writing — 
the typical delay is only half that. By polling the part 
during its write cycle, a user can usually reduce the 
waiting time. One method is to place a particular byte of 
data at some address and then ask for data from that 
address during the write cycle. If the data that is 
retrieved checks against the data written, the part has 
finished its cycle. 

With the cost of a single service call to modify a 
system in the field mounting toward $200, no doubt the 
systcm that can be serviced from afar will be an early 
devclopment goal. With an EE-PROM plus a modern or 
other communication method, a telephone call suffices to 
download the program and configuration data pertaining 
to all or some of the systems tied together in a network. 

A prime application for this technique would be a 
system of point-of-sale terminals for a market chain. 
Pricing for items could be dumped to all terminals in the 
system by calling each store and modifying the price 
look-up table in each terminal. Similarly, gasoline prices 
at computer-controlled servicc-station pumps may be 
remotely updated. 

Indccd, from here it is only a simple step to imagine 
writing programs that lcarn as they go. A terminal might 
analyze the way it was being used and adjust itself for 
optimum performanec in a particular application. By the 
same token, the next wave of automated manufacturing 
systems may calibratc themselves, hold information 
about the steps that have been completed, then interro- 
gatc themselves to determine their point in the manufac- 
turing process. □ 



Repnnted from ELECTRONICS. June 30 1982 copynght 1982 by McGraw-Hill. Inc with all rights reserved 



61 



Publisher's letter 



"^hough nonvolatile semiconductor 

memòries have been commercially 
available for a decade or so, the ear- 
ly versions were no joy to work 
with — múltiple power supplies, high 
voltages, and slow writing discour- 
aged potential users. The push to 
create a simpler part is yielding 
noteworthy results, particularly the 
16-K electrically erasable program- 
mable'read-only memory that Xicor 
Inc. describes on page 2. 

Sòlid state editor Rod Beresford 
first heard about the company's new 
chip back in January. "At the time," 
he recalis, "we had just published 
our annual markets forecast, in 
which we were projecting that con- 
sumption of EE-PROMs would nearly 
quàdruple by 1985, to oveç $330 mil- 
lion. Many of those parts will be 
going into microprocessor-based sys- 
tems, where 5-volt power supplies 
and ttl signal levels are the only 
way of 1 i fe." 



Xicor's X2816A gets high marks 
for ease of use. In fact, it's not only 
microprocessor-compatible, it's a 
truly self-supporting EE-PROM that's 
as simple to use as a static random- 
access memory. Beyond those fea- 
tures, though, our editor was struck 
by the research at Xicor on the elec- 
tron tunneling that provides the stor- 
age mechanism in EE-PROMs. "I 
studied tunneling in school," notes 
Rod, "and can appreciate what the 
Xicor researchers were up against in. 
trying to get a better fit between 
theory and experiments. I think they 
succeed admirably." 




XiCDP 



Understand your application 
in choosing NOVRAM, EEPKOM 

Richard Orlando, Xicor Inc., Milpitas, CA 

As appeared in EDN Magazine 
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Understand your application 
in choosing NOVRAM, EEPROM 



Examining how NOVRAMs and EEPROMs serve various applications illustrates 
the memory devices' capabilities and simplifies device selection. 



Richard Orlando, Xicor Inc 

If your system design calls for electrically erasable 
nonvolatile data storage, you can simplify the selection 
of semiconductor memory for that task by choosing 
from among four bàsic types — NOVRAM, EEPROM, 
EAROM and battery-backed CMOS RAM. Assuming 
that you've examined the system-le vel tradeoffs among 
these memory types (EDN, April 14, pg 135) and have 
narrowed your choice to the first two, use the 
information presented here to understand the detailed 
tradeoffs and design considerations underlying 
NOVRAM and EEPROM use. In some application 
classes, either memory type functions adequately; in 
others, you have a clearcut choice. And in still others, 
consider taking advantage of both — an approach that 
often results in cost reductions and enhanced features. 

NOVRAMs use múltiple technologies 

First, however, understand how each memory type 
works. Nonvolatile static RAM (NOVRAM) combines 
two memory technologies on one monolithic chip. In Fig 
1, the NOVRAM shown contains lk bits of static RAM 
and lk bits of electrically erasable PROM (EEPROM). 
The device comprises celis that in turn each contain one 
celi of each memory type, rather than housing two 
separate memory arrays (see box, "Anatomy of a 
NOVRAM celi"). 

In this NOVRAM, data gets read and written exactly 
as in a Standard static RAM. In addition, the Store 
signal transfers each RAM celi's data into a shadow- 
ing EEPROM celi; EEP ROM-st ored data gets reloaded 
into the RAM via the Recali signal. Note that the 
EEPROM-cell portion is accessible only through the 
RAM portion. 

One of this device type's most powerful features is its 
ability to transfer the entire RAM contents into 



nonvolatile storage in one operation, initiated by 
bringing the TTL-compatible Store LOW. The opera- 
tion takes less than 10 msec, and once data is stored in 
this manner, only another store operation can alter 
it — even if the chip loses power. 

Generating Store in the event of a power failure 
therefore saves the RAM contents, subject only to 
power remaining on the chip for the next 10 msec. RAM 
data can also be changed without disturbing the 
shadowing EEPROM, allowing the system to manipu- 
late two separate groups of data. 

EEPROMs offer greater density, fewer features 

EEPROM, your other major memory choice, resem- 
bles UV-erasable EPROM. Unlike EPROM, however, it 
can be written electrically in circuit; it needs no prior 
erasure by exposure to ultraviolet radiation. 

First-generation EEPROMs are merely electrically 



CONTROL 




ARRAY 
RECALL 



Fig 1 — Nonvolatile static RAM (NOVRAM) is organized so 
that each static-RAM bit is overlaid on a bit of nonvolatile 
electrically erasable PROM (EEPROM). 
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Careful analysis simplifies 

the EEPROM vs NOVRAM choice 



alterable ROMs (EAROMs). They're reprogrammable 
only after an entire memory array (or at least one page) 
is electrically erased. Similarly, second-generation 
devices require erasure of individual bytes before 
programrriing. Third-generation EEPROMs, however, 
automatically and internally erase a to-be-written byte 
as part of the write cycle; they also contain much of the 
required voltage-generating and pulse-shaping func- 
tions on chip. 

Two examples of third-generation EEPROMs cur- 
rently in production are the Intel 2817 and the Seeq 
5213. The 2817 latches the data to be written and 
eliminates the need for prewrite erasure. However, it 
requires an external high-voltage supply as well as a 
timing capacitor for deriving internal timing signals. 



TABLE 1 — EEPROM/NOVRAM COMPARISONS 





NOVRAM 


EEPROM 




(X2212) 


(X2816A) 


Density (bits) 


1024 


16,384 


Price (1k level) 


$9.00 


$23.00 


Cost/bit 


$0.0088 


$0.0014 



The 5213 generates the high voltage on chip but 
requires external latches that hold the data and address 
vàlid during erase and write operations. 
Fourth-generation EEPROMs are characterized by 



Anatomy of a NOVRAM celi 

NOVRAM-cell operation depends 
on a phenomenon termed Fowler- 
Nordheim tunneling. In the 
NOVRAM, a layer of oxide iso- 
lates a gate from an underlying 
section of polysilicon. Applying a 
large positive voltage to this float- 
ing gate while holding the underly- 
ing polysilicon near ground pro- 
grams the gate. 

Specifically, electrons attracted 
to the floating gate's significantly 
higher potential tunnel across the 
separating oxide. As a result, the 
floating gate acquires a net nega- 
tive charge from the tunneled 
electrons. 

The celi is erased in a similar 
manner: The floating gate is held 
at a low potential while the poten- 
tial of the top polysilicon layer is 
raised; the electrons then tunnel 
across the oxide from the floating 
gate to the neighboring polysilicon 
sandwich. 

The EEPROM technology em- 
ployed in Xicor's NOVRAM uses a 
3-layer polysilicon sandwich that, 
when coupled with a 6-transistor 
static-RAM celi, results in the 
NOVRAM circuit shown in Fig A. 
The state of the static-RAM celi 
determines whether the EEPROM 



celi is programmed or erased 
during a store cycle. 

Capacitance ratios are the key 
to the data transfer from RAM to 
EEPROM. If node N, is LOW, Q 7 
is turned off, allowing the junction 
between capacitors C 3 and C 4 to 



float. Because the combined ca- 
pacitance of C 3 and C 4 is larger 
than C P , the floating gate follows 
the Store-node voltage. When the 
voltage on the floating gate is 
sufficiently high, electrons tunnel 
from POLY, to POLY 2 , and the 




Fig A— A NOVRAM celi consists of two sections: a 6-trar)sistor RAM and a shadowing 
2-transistor EEPROM. 
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on-chip generation of all high-voltage and wave-shaping 
functions in addition to their use of on-chip latches and 
self-timing features. Their byte-write requirements are 
identical to those of static RAM except that the 
EEPROM write cycle, once initiated by normal static- 
RAM timings, takes as long as 10 msec. Once a 
byte-write operation begins, the EEPROM is self 
supporting, freeing the processor and all external 
circuitry for other tasks. Read timing to the EEPROM 
is identical to that of a Standard EPROM, RAM or 
ROM. 

An important feature of a fourth-generation 
EEPROM is its compatibility with currently used 
RAM, EPROM and ROM. An EPROM- or ROM-based 
system needs only an additional Write Enable line to 



each socket to provide retrofitting for EEPROM. This 
control line allows the changing of data tables and 
program store without removing the component from 
the system, as required with EPROMs. 

Choosing between NOVRAM and EEPROMs 

Many application requirements can be satisfied by 
either of the two memory types. However, note that 
although NOVRAM is the most versatile in terms of 
features and capabilities, the price you pay for its 
greater intelligence is increased celi size. 

Specifically, a fourth-generation EEPROM's celi is 
small and simple, allowing much higher density storage 
than in a NOVRAM. The EEPROM is also more 
effïcient as memory-array area increases, thanks to the 



gate becomes negatively 
charged. 

If node N, is HIGH, Q 7 turns on, 
grounding the junction between 
C 3 and C 4 . C 3 , larger than C E , 
holds the floating gate near 
ground when the Store node gets 
pulled HIGH. This action creates a 
sufficiently large field between 
POLY 2 and POLY3 to tunne! elec- 
trons away from the floating gate, 
leaving it with a positive charge. 

The recali operation also de- 
pends on capacitance ratios. C 2 is 
larger than d. When the celi 
receives the external Recali com- 
mand, the internal power supply 
(V C ca) first goes LOW to equalize 
the voltages on N, and N 2 . When 
Vcca is allowed to rise, the node 
with the lighter capacitive load 
rises more rapidly. The flip flop's 
gain causes the lightly loaded 
node to latch HIGH and the oppo- 
site side to latch LOW. If the 
floating gate has a positive 
charge, C 2 is connected to N 2 
through Q 8 , and N 2 latches LOW. 
If the floating gate has a negative 
charge, Q 8 gets turned off and N, 
experiences the heavier loading. 

A major task in the development 
of the NOVRAM was to reduce the 
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Fig B— A 32-stage charge pump internally generates a NOVRAM "s high Store voltage, 
allowing the device's NOVRAM and EEPROM sections to operate from 5V. 



amplitude and simplify the wave- 
form of external voltages needed 
for programming or erasure. Earli- 
er devices required carefully 
shaped pulses with amplitudes 
exceeding 20V. 

The first step in the celi design 
was to reduce the internal voltage 
level presented to the celi to 
initiate electron tunneling. The 
voltage magnitude required for 
programming a floating gate is 
related to the intensity of the 
elèctric field generated at the 
oxide-polysilicon interface by that 
voltage. 

Electric-field strength at the ox- 
ide-polysilicon interface can be 



increased by using an extremely 
thin oxide, on the order of 1 00À. A 
second technique uses textured 
polysilicon to locally enhance the 
field at the surface and achieve 
Fowler-Nordheim tunneling. It 
achieves better data retention. 

Once the internal voltage-level 
requirement was reduced, a key 
achievement in device design was 
the on-chip generation of the high- 
voltage pulses needed to program 
or erase an individual celi. A 
Store-voltage generator (Fig B) 
provides the solution; it uses a 
32-stage capacitor/transistor 
charge pump. 



Each NOVRAM celi combines 
RAM and EEPROM 



TABLE 2 — EEPRO M/NO VRAM 
DATA-CAPTURE SPEEDS 





NOVRAM 


EEPROM 




(X2212) 


(X2816A) 


Byte Write Time 


256 x 1 (.sec 


256 x 10 msec 


Store Time 


10 msec 





Total Time 


10.26 msec 


2 56 sec 



decrease in the relative proportion of support-circuitry 
area required. Therefore, EEPROMs are more likely to 
be the device of choice if your application needs large 
amounts of memory. 

The larger celi size and more extensive on-chip 
support that gives NOVRAM its added capabilities also 
results in a higher cost per bit, which might not be 
justified in applications that don't require all of a 
NOVRAM's features. Consider, for example, the 
cost-per-bit comparison between the X2212 256x4-bit 
NOVRAM and the X2816A 2kx8-bit EEPROM (Table 
1): NOVRAM cost per bit is more than six times 
greater than that of EEPROM. 

However, cost-per-bit ratios can be deceiving for 
systems requiring a minimum amount of nonvolatile 
memory. Lower density nonvolatile memòries often are 
more cost effective in a NOVRAM configuration. The 
smallest NOVRAM currently available, the 64x4 
X2210, is also the least expensive 5V device. 

Another selection factor to consider is the required 
write time. An EEPROM requires a relatively long 
write time (10 msec/byte max), while NOVRAM write 



time is that of a typical static RAM. Therefore, 
NOVRAMs are more suited for applications requiring 
freqüent memory-data changes, while EEPROMs most 
suit applications calling for infreqüent memory writes. 

A NOVRAM is also better suited to data-capture 
applications. Table 2 compares two 256x4-bit 
NOVRAMs organized in a byte-wide configuration with 
a 2kx8 EEPROM in terms of the time needed to store 
256 bytes of information. These times assume a 
l-|xsecfàyte max processor write-cycle time. You can 
see that the NOVRAM's single-store operation makes it 
much faster. A NOVRAM system can update and store 
10,000 bytes of data in the time needed to store two 
bytes of EEPROM information. 

Another important NOVRAM feature is the device's 
ability to initiate and complete a nonvolatile store of 
data under external-signal control. This feature can be 
a key decision criterion in real-time applications such as 
power-fail re-entrant systems. 

Both types serve power-fail-tolerant controllers 

As noted, however, many applications can profitably 
use either device type. One common application in this 
class centers on retaining important system informa- 
tion in the event of a power loss. In most systems, 
power failures require reinitialization of the entire 
system, necessitating the temporary loss of system 
operation. In real-time control applications, this loss of 
control can cause expensive and sometimes dangerous 
failures of the process or equipment being controlled. 

Such an application's main requirement is therefore 
some type of nonvolatile storage upon power failure. A 
prime consideration in this type of environment is the 
storage of a fixed amount of data upon receipt of an 
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Fig 2 — In this controller, a NOVRAM retains the state in the event of a power failure. 
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Fig 3 — A power-failure-toierant controller s 6809-nP assembly-language routínes handle both failure store and recovery. 


NOVRAM handles the stack and other temporary storage. 



NOVRAM doubles as 
bootstrap and global memory 



external Power Fail signal. You can use an EEPROM 
for this purpose if the processor has suffícient time to 
recognize the power failure and respond by writing the 
data into memory. Otherwise, a NOVRAM is the 
device of choice because it captures data in one 
nonvolatile store operation. 

Fig 2 shows a simple controller that uses a NOVRAM 
to retain the state of a (xP in the event of a power 
failure. The Power Fail signal generates a u.P inter- 
rupt, and the NOVRAM stores the contents of all RAM 
including the u.P stack. 

Upon interrupt acknowledgement, the u.P registers 
are pushed onto the stack as program control branches 
to the interrupt routine (Fig 3). The routine writes the 
current stack pointer and a test byte to the NOVRAM, 
signifying that a power failure has occurred, and then 
generates a Store signal. The power supply is designed 
to ensure that the Vc level remains above 4.5V for 10 
msec after it generates the Power Fail signal. 



Once power is restored, the Power-On Reset signal 
generates a Recali signal to the NOVRAM. The 
power-on routine in the u.P checks the state of the test 
byte to see if a process was interrupted by a power 
failure. If so, the stack pointer gets loaded with the 
address of the saved processor state, a return from 
interrupt is executed, and the process resumes. 

NOVRAM stores terminal configurations 

An application in which NOVRAM is the device of 
choice lies in the storage of terminal-confïguration 
information, consisting of such parameters as baud 
rate, data format and parity method. The conventional 



approach to this task (Fig 4) stores data in DIP 
switches on a pc board somewhere in the terminal; the 
user must have a terminal manual handy for decoding 
switch settings to change any of the preset features. 

One alternative uses menu-driven configuration 
modes to set the terminal and a NOVRAM to store the 
terminal-confïguration parameters. The user can easily 
change the configuration information for specific tasks 
and retain this data until the terminal loses power. 

Upon power-up, a set of predefined default parame- 
ters stored in the NOVRAM's EEPROM section goes to 
RAM, and the terminal is configured. The NOVRAM 
also allows the user to change default parameters for 
subsequent sessions by transferring the modiíïed RAM 
data to EEPROM — in either a general or privileged 
user environment. The NOVRAM's ability to manipu- 
late two sets of data proves important here because the 
terminal software operates on the data in the 
NOVRAM's RAM section, regardless of whether the 
terminal is in the default configuration or a user- 
entered one. 

In Fig 4's conventional approach, an 8-section DIP 
switch holds the configuration information. If a switch 
position is open, the pull-up resistor causes a ONE to 
appear at the buffer input; a closed switch denotes a 
ZERO. Decoding the buffer's address and reading the 
data provides the switch information. If the system 
needs more than eight bits, the design requires 
additional switches, resistors, buffers and lògic. 

If a block of memory addresses is reserved for 
configuration information, the granular ity of the ad- 
dress decoding increases with the number of DIP 
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conventional terminal configuration uses an 8-section DIP switch to program the terminal's operating parameters. 



In-system data modifications make 
EEPROMs more versatile than EPROMs 



switches required. And you can change the default data 
only by altering individual switch positions. 

The NOVRAM implementation of this system (Fig 5) 
permits the storage of lk bits of configuration informa- 
tion in one 18-pin X2212. If you reserve an 8k 
memory-address block for configuration storage, the 
NOVRAM requires only a single chip-select decode. 
The only restriction in this arrangement is that four 
parameter bits get read simultaneously, rather than 
eight. Note that storing the same amount of informa- 
tion using the conventional approach calls for 128 DIP 
switches and octal buffers, 1024 resistors and sufficient 
address decoding to provide 128 separate locations 
within the 8k field — an address granularity of 64. 

A terminal user employs the keyboard to enter 
operational parameters into the NOVRAM. The user 
enters a configuration mode when the terminal is in the 
off-line or local mode. A menu display shows the 
current terminal configuration; the user moves the 
cursor and/or strikes a control key to alter the current 
vàlues. Once the configuration is established, the user 
èxits the configuration mode, and the terminal operates 
according to the new parameters. The user can also 
change the default parameters by entering a control 
signal that places the new configuration mode in the 
NOVRAM's EEPROM seetion. 

In this application, very few terminals would ever 
require the NOVRAM's full storage capacity for 



configuration information. You could therefore employ 
the unused portion to store other operational and 
maintenance parameters. 

NOVRAM loader provides reusable memory 

A system that employs a bootstrap loader during 
initialization is another prime NOVRAM application 
candidate. Examples of such applications include sin- 
gle-chip jj.Cs operating in external-memory modes and 
full-blown systems requiring the maximum allowable 
memory space. A common approach to this require- 
ment stores the bootstrap program in ROM or EPROM. 
However, the program occupies memory space that 
might be used for other purposes during system 
operation. Because most initialization routines use a 
relatively small amount of memory space, this approach 
can be particularly wasteful in space-limited systems. 

As an alternative, you can preprogram the bootstrap 
into the EEPROM seeti on of a NOVRAM. Upon reset, 
the system generates a Recali signal to the NOVRAM, 
loading the bootstrap into RAM. The bootstrap pro- 
gram executes, and the NOVRAM RAM seetion then 
becomes free for other uses. This design feature even 
allows bootstrap-program alteration via external con- 
trol for servicing or software updates. 

Fig 6 shows a simple disk-oriented system that uses 
NOVRAM as a bootstrap memory. After booting, the 
NOVRAM becomes a global RAM. The device — and 
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;*.*** * * *.**********************:«** :+: * :+: * * * * ************ * * ***** + * * * * * * ***** 

; THIS PROGRAM SEGMENT DEMONSTRATES THE OPERAT I ON OF A SVSTEM UHICH 
; USES A BOOTSTRAP PROGRAM PRELOADED INTO THE MOURAN'S EEPROM. UPON 
; POWER-ON RE SET .. THIS BOOT IS RECALLED INTO THE EEPROM 'S RAM . THE 
; BOOTSTRAP PORGRAM CONFIGURES THE SVSTEM, AND THEN USES THE NOURAM -'S 
; RAM AS REGULAR RAM. THE NOURAM IS LOCATED AT THE BOT TOM OF THE 
; S502-S MEMORY NAP SO THflT THE HIGHEST LOCATIONS CAN CONTA IN THE 

PROCESSOR"'S INTERRUPT UECTORS. ACTUAL LORDING OF THE OPERAT ING 
: SVSTEM INTO MA IN MEMORV IS ACCOMPL I SHED BV A DMA CONTROLLER, UHICH 
; LORDS THE PROGRAM FROM THE DISK. 

; í^********;^:*.*^ 

DMADATA . EQU OCOOOH ;DMA DATA REGISTER 

DMAC7RL .EQU 0COC1H ;DMA CONTROL. REGISTER 

PROGRAM .EQU 0O2OOH ;START OF PROGRAM MEMORY 



. ORG 0FF60H 
THIS PROGRAM SECTION IS LOADED INTO THE 
NOURAM . AND IS RECALLED UPON POMER-UP. 



EEPROM SECTION OF THE 



BOOT 



CONFIGUR 



■f Ff 



SO 



LDK *6FFH ;LOAD THE X INDEX REGISTER WITH FF 

TXS ;TRANSFER TO STACK POINTER AT OlFF 

; THIS CODE SECTION CONFIGURES THE DMfi CONTROLLER, 
; AND SETS THE IHITIAL LOHD LOCRTIOH RT 0200H, SO 
i THRT PROGRAM DATA UILL NOT OUERWRITE THE STACK. 
; THIS CODE SECTION TELLS THE DMR CONTROLLER WHAT 
; DISK SECTION IT SHOULD GET THE PROGRAM FROM, RS 
; WÍLl RS HOU MUCH DfiTfl TO LORD. 

LDR #01.. ; 01 IH THE DMR CONTROL REGISTER 

i UILL INDICRTE DISK DfiTR LORDING 
STR DMRDRTA ; STORE IN THE DMR CONTROL REGISTER 

LDR «0R5H i WRITE TO TEST BVTE TO SIGMIFV BOOT 

STR TEST ; IF SEE A #0A5H,UE ARE IN BOOT 

,TMP LOOP ; LOOP UNTIL DMA CONTROLLER I NTERRUPTS 

t:*:f:*:t::K*:^****************************** 

UECTOR HERE. THIS ROL'T I HE CHECKS THE 

TO INSURE THRT 
FUL BOOT HRS 



LOOP 

; + ***:+::+:•+:•+ +: t (•: t i 1. |. i t * ': t »: t + * (•:+•+ h * 

; NMI FROM DMR INTERRUPT UILL 

; STATUS FROM THE DISK- SUBS7STEH AND DMR CONTROLLER 
i THE REQUESÍED DATA HRS BEEN .LOADED. ONCE A SUCCÉS 



TAKEN PLACE. THE SVSTEM CRN CHANGE THE HM I UECTOR SI MCE THE NOURAM 
HOM FUNCTIONS AS A REGULAR RAM. 

h:+:*-«^***************t4<**H ** *:+:*:t:**:+:*:+^+:** + + **.*************************' 
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Fig 7 — A 6502-ji.P assembly-language boot routine is located temporahly in NOVRAM, which forms the highest 256 bytes of 
memory in this system. 



71 



Use EEPROM if data changes 
are byte size and infreqüent 



hence the bootstrap routine — is in the highest memory 
segment so it can hold all the interrupt vectors. u.Ps 
such as the 6502 and 6800 use these locations for reset 
and interrupt pointers. 

In the bootstrap program (Fig 7), the reset vector 
for the 6502 (jlP points to the boot routine. Fig 6's two 
NOVRAMs reside in the highest 256 bytes of the 
address map. Upon power-up, the NOVRAM's 
EEPROM section gets loaded into the device's RAM 
section. The u.P then initializes the stack pointer, and 
the DMA controller begins a data transfer from the 
disk. A test byte gets set to show that a boot process is 
under way. 

Once the DMA transfer begins, the |xP loops until an 
interrupt signifies that the operation is complete. The 
u.P vectors to the interrupt-handling routine, which 
determines if a vàlid DMA has occurred. If an error has 
occurred, the program causes a jump to location 
Program, where the first byte of the loaded program 
resides. The NOVRAM RAM is then free for general 
use. Note that you must take care not to accidentally 
overwrite the interrupt and reset vectors, located in 
the highest memory locations. 

EEPROM stores controller parameters 

Turn now to some applications in which an EEPROM 
is the device of choice. One such task is the storage of 
coefficients in PID (proportional integral-differential) 
controllers. 

Modern control applications such as the PID algo- 
rithm are characterized by two bàsic qualities. First, 
they are computationally intense. Second, their ability 
to precisely control a set condition is based on their 
knowledge of the effects of their outputs. This knowl- 
edge results from deriving the various controller 
coeffïcients via calculations: Each controller output 
must be calculated with reference to the previously 
defined term. 

If a PID system loses power, it must resynthesize all 
data before it approaches the level of performance 
exhibited before the power loss. The data tables for 
each control task are fairly large and require a 
substantial amount of memory. Therefore, a controller 
might use EEPROM for algorithm-coefficient storage. 

Note also that most PID-controller deviations result 
from the sensitivity of the system's sensors as well as 
the response time and accuracy of the control outputs. 
These variables might change in a particular unit but 
are usually the same when power returns to the 
controller; they need only be updated occasionally as 
the system runs. An EEPROM's slow write time and 
fast read time make it ideally suited for this infrequent- 
write application. 

Finally, note that parameters stored in EEPROM are 
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Fig 8 — A self-learning video game uses EEPROM to 

change difficulty levels after play is completed. 



available to the system whenever it's running — 
whether programmed into the system during initializa- 
tion or resulting from previous system operation. An 
EEPROM implementation of such a system thus results 
in shorter system-interrupt recovery time as well as 
self-recalibration upon component replacement. 

Self-learning video games use EEPROMs 

Another potential EEPROM application centers on 
the storage of self-teaching or self-modifying code, 
through which a process or algorithm can tailor itself 
based on the results of previous executions. Such 
applications are characterized by updates to program 
storage, which usually occur relatively infrequently. 
This high read-to-write ratio of memory access, as well 
as the densities required in the program store, 
generally dictate an EEPROM implementation. 

An example of this application category is a self- 
learning video game (Fig 8). Such a game's success 
depends largely on its ability to keep a player 
interested by continually increasing the level of chal- 
lenge after repeated plays. 

At the end of a certain period (Fig 9), the game 
analyzes the scores and modifies its program (including 
timing loops and difficulty factors) to present a more 
complex play to the next group of players. The learning 
algorithm also makes the game easier to play under 
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certain conditions, preventing unwarranted increases 
in diffículty. 

The initial game code includes several routines that 



make the game progressively more difficult to play. 
These routines get bypassed in the initial program 
execution by always-executable branch instructions. At 
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Fig 9 — Written in 6809-(iP assembly language, this self-learning video-game program changes branch instructions based on 
previously obtained scores. 
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EEPROM and NOVRAM 
could team up in some cases 



the end of each play, the system determines from the 
score whether to make the algorithm more difficult. If 
so, it eliminates some of the branches around difficult 
parts of the game software. A simple table stores all of 
these branches. Other features, including speed param- 
eters and energy levels, can also be stored to make the 
game more difficult as scores improve. Storing them in 
EEPROM provides the additional advantage of easy 
updates and changes in the bàsic table. 

EEPROM and NOVRAM team up 

As a final example, consider how you might combine 
EEPROM and NOVRAM in an automobile navigational 
system that could direct a driver to a location within a 
specific city or area. Proponents of this approach 
envision beacons located throughout an area, notifying 
eàch in-car computer of the car's current location. 
Provided with this information, a local electrònic map 
and the desired destination, the computer would direct 
the driver along the most efficient route. 

Data-storage requirements would be extensive, im- 
plying the use of EEPROM. After all, the system must 
not only be programmed with a map of the area roads 
but must also be able to select between many possible 
alternatives based upon continuously changing factors 
such as time of day and known construction areas. 
Using EEPROM would allow the car's driver to load the 
navigational computer upon entering a location such as 
a filling station. 

A NOVRAM would also prové critical to this 
application. It would contain rapidly changing current 
information, which would get transferred to the 
NOVRAM's EEPROM section upon reaching a destina- 
tion. The approach allows power removal from the 
system while the car is parked, eliminating battery 



drain. Restarting the vehicle would transfer the 
current data from the NOVRAM's EEPROM section 
back to its RAM section. 

Fig 10 shows how the hardware could be implement- 
ed. Map information, stored in EEPROM, gets changed 
as necessary via the map-download controller, a serial 
interface over which the data is transmitted. The 
transmission rate is low because the map data is 
written into EEPROM, which specs a slow write cycle. 

The system has two main interfaces — to the driver 
and to the vehicle. The former consists of a keyboard 
for input and a CRT for display of the map and other 
information. The latter receives data such as mileage 
and speed so that the system can monitor the driver's 
progress along a given route. EDN 
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Non-volatile memòries 
keep appliances 
out of the dark 



Richard Orlando, Xicor Inc., Milpitas, CA 



Appliance desígn has undergone a 
revolution in recent years. The 
advent of the low-cost, single-chip 
microcomputer has opened many 
applications for these small comput- 
ers in the appliance market. Initial 
applications were based upon new 
types of appliances where digital 
control was a necessity. Today one 
sees even the venerable "white 
goods" using single-chip microcom- 
to add features and capabili- 
to the end products. With this 
migration to digital control, a need 
for non-volatile memory has devel- 
oped, and many new non-volatile 
memory devices have been made 
available to the designer. 



Appliance control applications 
have gone through an orderly 
evolution. The design methods of 
the past used electromechanical 
devices, such as switches, relays, 
mechanical timers and, of course, 
wafer switches. The requirements of 
older appliances could be easily 
satisfied by these devices. Washing 
machines, for example, using multi- 
plane wafer switches driven by a 
simple timer could initiate, time and 
terminate the different cycles of the 
laundry washing process. And the 
electrònic range allowed simple 
electromechanical timing of a cook- 
ing cycle. 

Since the appliance industry has 



been subject to the whims and 
attitudes of the consumer, the 
desired capabilities of appliances 
have grown as a function of added 
features. A simple example is the 
evolution of the home stove control- 
ler: first, accurate control over 
cooking temperature, then the 
ability to turn off the oven after a 
programmed time, and, finally, the 
complete programmable oven that 
not only turns itself off after a 
programmed time has elapsed, but 
also initiates the cooking cycle at a 
certain time of day. 

The increased capabilities of the 
appliances coupled with the availa- 
bility of low-cost, single-chip micro- 
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computers has led to the final step in 
the evolution, that of full digital 
control. The use of the microcom- 
puter as a control mechanism allows 
the designer increased flexibility, 
reliability and precision in the 
control process, not easily attainable 
with the older design methods. 
Decreased development costs are 
also possible since a flexible digital 
controller can be used in a variety of 
different products, or models of the 
same product. 

Microcomputer designs were not 
free of their own unique problems, 
however. The microcomputer inter- 
face required to perform the actual 
control functions was somewhat 
complex. New issues had to be 
addressed in terms of product 
reliability, since the semiconductor 
devices introduced different failure 
modes than those exhibited by 
electromechanical devices. The mi- 
crocomputer also had a major 
disadvantage over prior design 
techniques due to its inherent 
volatile nature: when the power was 
removed from the appliance, the 
microcomputer not only stopped 
functioning, it lost any data it had 
maintained based upon the current 
state of the system. 

One advantage that the older 
electromechanical timers possessed 
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was that if the power went off to the 
appliance, the control system would 
maintain the state it was in when the 
power was interrupted. When the 
power was restored to the appliance, 
it would continue from where it left 
off. One can easily appreciate the 
irritation of a homemaker who, 
having left a roast in the oven, 
returns from errands to find that it 
had not resumed cooking after a 
blackout. 

Emergence of non-volatility 

With many appliance designs, 
there is a definite need to prevent 
such untoward situations. Some type 
of non-volatility is a necessity in 
appliance design. Since the cost of 
the appliance is a great concern, this 
non-volatility must be cost-effective. 
One of the earlier approaches was 
that of battery backup on the 
microcomputer itself, or on a 
separate cmos memory in the 
system. The disadvantages of this 
approach are based simply on the 
limitations of batteries and the cost 
of implementation. Unfortunately, 
there were not many alternatives 
until now. 

The past five years have seen a 
remarkable evolution in the emer- 
gence of semiconductor non-volatile 
memòries. Unlike the battery back- 
up of the data in either on-board or 
external ram, these devices were 
able to retain data without the 
external power, in a manner similar 
to that of an eprom. The main 
difference between these devices and 
the eprom was their ability to be 



"rewritter in-circuit, as opposed to 
being removed from the circuit, 
erased, and then "reprogrammed" 
before they were put back into the 
circuit. 

Unfortunately, these early devices 
were expensive and difficult to use. 
They required múltiple "program- 
ming" voltages, extensive support 
circuitry, and were quite unreliable. 
These devices, for the most part, 
were organized for microprocessor 
"bus" applications, and as such 
required too many i/o lines for 
efficient interfacing to single-chip 
microcomputers, where i/o lines are 
a precious commodity. 

The development of 5v floating- 
gate, nmos non-volatile memòries 
eliminated many of the disadvantag- 
es of semiconductor non-volatile 
devices. These devices not only 
decreased the support circuitry 
required for their use, but increased 
the reliability of the devices. 
Unfortunately, these devices were 
also designed for "bus" applications 
and were relatively expensive due to 
their large densities (>1k bits). A 
need was recognized in the appliance 
and other indústries for an inexpen- 
sive and reliable non-volatile memo- 
ry designed exclusively for interfac- 
ing to single-chip microcomputers. 

The Xicor X2444 answers this need. 
The device is a low-cost 16 x 16 
non-volatile static ram (novram for 
short) which features serial interface 
designed for interfacing to a 
single-chip microcomputer with a 
minimum requirement for both i/o 
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lines and software. Housed in an 
eight-pin mini-DiP, the X2444 pro- 
vides inexpensive non-volatile data 
storage for both operational and 
configuraríem parameters. Its low 
cost (less than $4.00 in unit 
quantities) makes it the least 
expensive non-volatile storage on the 
market, even rivalling the dip switch 
in unit cost, while providing the 
equivalent of 32 dip switches in terms 
of data capacity. 
The novram concept 

The novram idea is not new. Xicor 
invented this type of memory more 
than three years ago. The concept is 
quite simple. Figure 1 shows a block 
diagram of the X2444. It consists of a 
256-bit (16 x 16) static ram with a 
256-bit 5v e 2 prom array overlaid bit 
for bit in a "shadow" type manner. 
Two signals, store and recall, 
control the transfer of data between 
the e 2 prom array and the static ram. 
The store function replicates the 
data which is currently in the ram 
into the non-volatile e 2 prom array. In 
a similar manner, the recall 
function transfers the non-volatile 
data in the e 2 prom array into the ram. 
One can see that by simply 
performing a store during power 
failure, the data is then retained in 
the non-volatile e 2 prom , and can be 
restored to the ram using the recall 
once power is returned to the 
system. 

The X2444's serial interface method 
is ideal for microcomputer applica- 
tions. Figure 2 shows the pinout and 
signal designation for the X2444. The 
four-line serial interface consists of a 
Chip Select (cs), a Serial Clock (sc), 
a Data In (di) line, and a Data Out 
(do) line. The Data In and Data Out 
timings are designed to allow the 
implementation of a single Serial 
Data line by typing both Data In and 
Data Out to a single i/o line from the 
microcomputer, reducing the i/o 
lines to three. All data transfer to 
and from the X2444 are performed 
over this serial interface by either 
synchronous 8-bit instructions or 
16-bit data operations. The X2444 has 
two external pins, store and recall, 
for performing the non-volatile 



operations via hardware control in 
the event of power failure. The X2444 
also includes distinct store and 
recall instructions over the serial 
interface to allow only software 
control over the non-volatile opera- 
tions. 

The serial interface is accom- 
plished using discrete "bit-banging" 
from the single-chip micro. An 
instruction is performed by loading 
an aceumulator with the proper bit 
pattern, and shifting it out through 
an i/o line while toggling the serial 
clock low and then high again 
between each bit. 

The software for this interface is 
simple, and an example of a 6801 
implementation is shown in Figure 3. 
The software assumes that the X2444 
is connected to bits 0, 1, 2 and 3 of 
the 6801 i/o Port 1. The interconnect 
between the 6801 and the X2444 is 
shown in Figure 4. The three main 
parts of the software segment are 
three subroutines, shiftin, shiftout 
and drive. The shiftout routine 
takes the eight bits of data in the A 
aceumulator, and shifts it out 
through Bit 1 of Port 1. Between 
each data bit output the clock is 
toggled. This routine is used for 
either instruction or data output to 
the X2444. 

The shiftin subroutine gives the 
X2444 eight clock cycles, and shifts 
the data from the X2444 into the A 
aceumulator. This routine is used 
only in the read instruction. The 
drive subroutine actually provides 
the driver to intèrpret the desired 
operation and issue the proper 
sequence of commands to the X2444. 
It should be noted that this sample 
interface uses the software- 
controlled store and recall com- 
mands and leaves the X2444 store 
and recall inputs tied to Vcc. 
E.g. . . . microwave oven controller 

One of the newest appliances in 
the consumer environment is the 
microwave oven. This also proves to 
be an ideal example for the 
application of a non-volatile memo- 
ry- 

The microwave oven started with 
a control mechanism which was no 



more than the simple electrome- 
chanical timer borrowed from elèc- 
tric ranges. Since the microwave 
oven cooks in times which are 
orders-of-magnitude faster than a 
conventional stove, it became appar- 
ent that an aceurate and precise 
control mechanism was needed. The 
microwave was one of the first 
appliances to embrace full digital 
control using a single-chip micro- 
computer. 

Figure 5 shows a typical micro- 
wave oven control system based 
upon the 6801 microcomputer. The 
user interface includes a keyboard, 
alarm and display, while the oven 
interface includes the magnetron 
control, door interlock, and an 
optional temperature probe. Non- 
volatile memory has been added to 
the system design through the use of 
an X2444. The interface method to 
the 6801 and the driving software are 
similar to that above. The key 
difference to note is the addition of 
an external signal to drive the store 
input. This allows the controller to 
automatically store the data in the 
ram into the e 2 prom upon Power- 
Failure. The circuitry in the power 
supply senses a loss of power by 
monitoring either the ac or unregu- 
lated dc levels. Once a power failure 
has been detected, the power supply 
circuitry pulls the store input low. 
The power supply circuitry need only 
ensure that Vcc is held vàlid to the 
X2444 for 10 msec, and all of the data 
in the ram will be stored into the 
e 2 prom array. Upon Power-on- 
Reset, the 6801 issues a recall 
command to the X2444, and all of the 
data is restored. 

The remainder of the microwave 
control circuitry is fairly Standard. A 
4x4 keyboard provides an input 
mechanism for the user, while the 
status indicators and display provide 
visual feedback. A two-line magne- 
tron control allows the use of 
variable power levels in the cooking 
process. Timing is performed using 
the 6801 's internal 16-bit timer which 
is driven off the 60-Hz reference 
from the power supply. Standard 
features include a safety door 
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interlock and alarm. Optional fea- 
tures are provisions for a tempera- 
ture probe for magnetron control or 
temperature-based cooking algo- 
rithms. The a-d converter used for 
temperature sensing has a serial 
interface similar to that of the X2444, 
and is placed on the same serial bus. 
Distinct chip selects enable the X2444 
or the a-d converter to be accessed. 
Many such devices are currently on 
the market including the new 
TLC540 from Texas Instruments. 

The X2444's non-volatile memory 
serves many functions in this 
application. Frequently used recipes 
or cooking sequences can be stored 
so that the microwave will sequence 
through a complex cooking algo- 
rithm automatically. The X2444's 
ability to store the data currently in 
the ram into the e 2 prom is very useful 
here. As the cooking process takes 



place, the 68U1 keeps a copy ot the 
preset time and power setting in the 
X2444's ram . As cooking time 
elapses, a location in the X2444 is 
updated to show the elapsed time. In 
the event of a power failure, the 
current vàlues of these variables are 
automatically stored into the e 2 prom 
section of the X2444. Once power is 
restored to the microwave, the data 
in the e 2 prom is loaded into the ram 
section of the X2444, and cooking 
continues from where it was 
interrupted. Intelligence can be 
added to the control algorithm to 
compensate for the continued cook- 
ing (due to retained heat) that occurs 
after the power outage. 

The X2444's unique novram archi- 
tecture makes such an application 
feasible. Since current e 2 prom tech- 
nology has limitations on the number 
of times that the non-volatile data 



can oe changed, one wouia not want 
to change the contents of the e 2 prom 
each time the timer was incre- 
mented. If one were to use a typical 
e 2 prom with a write limitatiori of 
10,000 writes, the device would be 
worn out in a relatively short period 
of time at a write rate of one per 
second. Instead, the X2444 allows the 
system to update the e 2 prom section 
of the chip only in the event of a 
power failure while using the 
unlimited ram write capability of the 
X2444 every time the counter value 
changes. 

The X2444's can also be used for a 
variety of other purposes in micro- 
wave design. As was mentioned 
earlier, one can save development 
time and money if a universal 
controller is designed. Many differ- 
ent models could use the same 
controller simply by adding circuitry 
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File*. X2· < m 



x 2444 DRIVER PROGRAM FOR 6801 

CODE AS OF AUGUST 22» 1983 Minimal Dr i v«r for X2W\t 6801 Version 3.0 



OÜUO; « T1TLE *X2·VH DRIVER PROGRAM FOR 6801' 

2 blocks for procedure cod« 7110 uiords l«ft 
0000! .PROC Xí»m 



Currsnt memorv availabl©: 

oooo ; 



1000 i 
1000 ! 
1000 ! 
1000! 
1000 i 
1000! 

iooo : 
1000 : 

10 0! 
■ 



7992 

. ÜRG 100 OH 

6801 X2<t' 1 H DRIVER 
=ÍT PORTI IS USED AS THE 2<HH INTERF, 
3ISTERS ARE LOCATED AS FOLLOWS 

DATA DIRECTION HEX 0000 

i PORT HEX 002 

; PORTI X2111 

■i I/O SERIAL CLOCK SERIAL CLOCK 

I/O 1 SERIAL OUT SERIAL li 




I/O 3 



SELECT 



CHIP SELECT 



COMMANDS ARE PASSED TO THE X24*4 ROUTINE BY A PARAMETER IN THE 

A ACCUMULATOR . WHILE THE AODRESS IF NEEDED IS PASSED ON THE STACK 

SERIAL DATA IN OR OUT USES THE TEMPORARY LOCATION TEMPlf 

WHICH IS A SIXTEEN BIT WORSD. THE X2<W COMMANDS ARE ENCRYPTED AS 

FOLLOWS . 

COMMAND CODE INSTRUCTION OPCODE 

READ 1AAAA11X 

1 WRITE 1AAAA011 



1000 ! 
1000 ! 
1000 ! 




5 1 SLEEP 11111010 
i 5 SET WRITE ENABLE 111Í1100 
i 6 RECALL 11111101 


1000! 
1000 ! 
1000! 

iooo : 

1000 I 
1000 ! 


0000 
0002 
0080 


» "l's ARE USED INSTEAD OF DON'T CARE TO DISTINGUISH BETWEEN DATA AND 
» NON DATA OPERATIONS. 

jxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

DIRECTION 1 . EQU 00. 
PORTI .EQU 02. 

TEMP1 .EQU 080H ; RAM STORAGE 1- OR DATA 


1000 i 


0082 
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1000 1 
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088 


ERRORDATA .EQU 088H í ERROR DATA 
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í PROCEDURE INIT 


1000! 




) THIS PROCEDURE INITIALIZES THE X2W INTERF ACE 
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; XXXXXXKKXXXXXKXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXKXXKXXXXXXXXXXXXXXXXXXXX 



■ 
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INIT 
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STAA 
RTS 



#1BH i B=1011, 1/0 0.1 AND 3 DUTPUTS. 2 INPUT 

DIRECTION1 ; WRITE TO DATA DIRECTION REGISTER 

5 SET CE TO 0<INACTIVE>. DOUT AND SK TO 
PORTI i AND STORE IN DATA PORT 



! SHIFTER ROUTINE- SHIFT1 

) THIS ROUTINE TAKES THE DATA IN THE A ACCUMULATOR AND CLOCKS JT MOST 

i SIGNIFICANT BIT FIRST INTO THE X2<H1 . THE FLOW IS SHXFT A BIT » TOGGLE 
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5 ENABLE. SERIAL CLOCK IB LOW . 
!IF BIT IS A ZERO, THEN TRANSMIT 
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í STORE THE DATA INTO THE PORT 
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ELECTR0I1ICS III DE5IGÍ1 



exteraal to the 6801 microcomputer. 
Configuration information can be 
stored in the X2444 at time of 
manufacture which the 6801 can then 
determine upon Power-on-Reset to 
control the features and functions of 
its particular microwave. Additional 
X2444s can be added on the serial bus 
as user or model options. These 
optional X2444s require only an 
additional chip select, and can be 
used for such features as increased 
recipe storage or operational modes. 
The X2444's non-volatile memory 
also can be used for calibrating the 
temperature probe and storing the 
response time of the magnetron to 
allow quick calibrations or more 
complex and precise temperature- 
control algorithms. 



General applications 

There are many other areas in the 
appliance field which are natural 
applications for the X2444. Since most 
electrònic appliance controllers uti- 
lize the single-chip microcomputer, 
the X2444's serial bus is the ideal 
solution their non-volatile storage 
needs. 

"User-programmable" parameters 
such as favorite stations, cooking 
algorithms or preset time-of-day 
events all make the appliances more 
"user-friendly" especially if these 
parameters are retained in the event 
of power loss. System configuration 
parameters can be stored in the X2444 
to allow the design of appliances in a 
modular fashion, substantially re- 
ducing development costs while 



increasing the reliability of each new 
product. System status saved in the 
X2444 in the event of a power failure 
is restored upon Power-On so that 
the system can complete interrupted 
tasks as well as ensure that the 
appliance is left in a safe and stable 
state. 

The availability of the new 5V 
non-volatile memòries allows the 
appliance designer to add more 
features and capabilities for a 
minimum cost. Whether it be used 
for power-failure data storage, or as 
user set-up information, the X2444 
will make appliance designs less 
complex, more cost-effective, more 
fault-tolerant, and easier to use. □ 
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RELIABILITY 
REPORT 

BY BILLY KWONG 
& DR. JOHN CAYWOOD 



* NOVRAM is Xicor's designation for its nonvolatile RAM memory 
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INTRODUCTION 



This report covers the Xicor X2210 and X2212 
NOVRAM memòries. In these memòries, each 
memory bit integ rates one bit of static RAM and one 
bit of electrically erasable-programmable ROM 
(E 2 PROM) into one celi. The controls STORE and 
RECALL cause the data to be transferred in paral·lel 
from all RAM bits into the associated E 2 PROM bits 
and back again. These devices which exemplify 
Xicor's innovative technology require only a 5V 
power supply and TTL level signals for all opera- 
tions, including STORE and RECALL. These two 
devices employ the same design and processes and 
are organized 64 x 4 and 256 x 4 for the X2210 and 
X2212, respectively. Figure 1 showsthe pinoutforthe 
two parts; 
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Figure 2 shows the functional diagram for the 2212 
(256 x 4); 
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F/gure 2. Functional diagram of X2212 memory 

Figure 3 shows the package dimensions for the 
package which is common to both devices. 
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Figure 1. X2210 and X2212 pin assignment drawings 



TECHNOLOGY 



Thebitmapsforthethreedevices shown in Figure4 
and 5 illustrate the physical location of the various 
address bits. 
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Figure 4. X2210 physical address map 
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Figure 5. X2212 physical address map 



Xicor NOVRAM memòries store their nonvolatile 
data on electrically isolated polysilicon gates. These 
gates are islandsof polysilicon surrounded by about 
800 A of SÍO2, one of the best insulators known. This 
is similar to the structure used in UV light erasable 
EPROM's. 

Electrons once trapped on the floating (isolated) 
gates will remain there unless they receive a large 
energy input from an outside source (e.g. the 
ultraviolet photon in the case of UV erasable 
EPROM's), or until a sufficiently high elèctric field is 
applied to distort the energy bands sufficiently to 
allow Fowler-Nordheim tunneling to occur. 1 

Fowler-Nordheim tunneling, which will bediscuss- 
ed in moredetail later in this report, is the mechanism 
employed to charge and discharge the floating 
storage gates of Xicor's NOVRAM memòries. The 
storage gates are formed in the second of three 
layers of polysilicon as illustrated in Figure 6. 




WORD 
LINE 



BIT 
LINE 



Figure 6. Schematic diagram ofa NOVRAM memory celi showing how 
a Standard six-transistorstatic RAM celi is merged with a floating gate 
E'PROM celi. 

Electrons move to the floating gate by tunneling 
from POLY 1 to POLY 2. When the high fields which 
are used to cause the desired tunneling are not 
present, the electrons remain trapped on POLY 2. 

As Figure 6 illustrates, the NOVRAM memory celi 
is a conventional six transistor static RAM celi to 
which a floating gate E 2 PROM celi containing two 
transistors has been added. During the normal 
READ/WR ITE operations, V C ca is f ixed at the positive 
supply level (nominally 5V) and the Infernal Store 
Voltage is fixed at ground. Only the six transistors of 
the static RAM celi are effective and the operation is 
exactly that of a conventional six transistor static 
RAM. 
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The RECALL operation depends on capacitance 
ratios. The value of C 2 in Figure 6 is larger than that 
of Ci. When the external RECALL command is 
received, the memory array power supply, Vcca, is 
initially pulled low to equalize the voltages on nodes 
Ni and N 2 . These nodes equalize quickly to V C ca 
through the depletion transistors, d and Q2. When 
Vcca is then allowed to rise, the node with the lighter 
capacitive loading will rise more quickly and turn on 
the pull down transistor on the opposing side, which 
will keep the more slowly rising node clamped low. If 
the floating gate is charged positively Qe is turned 
on, which connects C2 to N 2 . Thus Ni, which is 
loaded by the smaller capacitor G, rises more 
rapidly, causing the latch to set with Ni high and N 2 
low. If the floating gate is charged negatively, Q 8 is 
turned off, which isolates C2 from N 2 and allows N 2 to 
rise more rapidly than Ni. Thus the latch is set with 
N 2 high and Ni low. During the RECALL operation 
the Internal Store Voltage remains at ground. 

The STORE operation also utilizes capacitance 
differences to transfer data from RAM to E 2 PROM. 
When node Ni is low, transistor Q7 is turned off. This 
allows the junction between capacitorsCG>and CC3 
tofloat. Sincethecombined capacitance of CG> and 
CCais larger then that of C p , the capacitor between 
POLY 1 and POLY 2, the floating gate follows the 
potential of the Internal Store Voltage. Thus when 
the Internal Store Voltage becomes high (several 
times V cc ), a sufficient field exists between POLY 1 
and POLY 2 to cause electron tunneling and the 
floating gate is charged negatively. 

When node Ni is high, transistor Q7 is turned on 
which grounds the junction between CC2 and CC3. 
Since the capacitance of CC2 is larger than that of 
C E , the capacitor formed between POLY 2 and POLY 
3, CQ> holds the floating gate near ground when the 
Internal Store Voltage goes high. In this case the 
high field exists between POLY 2 and POLY 3 and 
electrons tunnel from POLY 2 to POLY 3, which 
discharges the floating gate. 

This description shows that the Internal Store 
Voltage is at ground except during the STORE 
operation. Moreover, during the STORE operation 
all bits are stored simultaneously, which is possible 
because the RAM bit associated with each E 2 PROM 
bit acts as a data-latch. These two statements obviate 
the possibility of any disturb conditions such as 
thosesometimesfound in other nonvolatile memòries 
because external voltages are applied to the non- 
volatile memory element only while it is being stored. 



TUNNELING PHYSICS 

Because the innovative aspects of the NOVRAM 
memory revolve around the nonvolatile storage 
procedure, it seems appropriate to discuss the 
storage phenomenon in moredetail. As was mention- 
ed above, the storage occurs via a tunneling mecha- 
nismfirstdescribed by Fowlerand Nordheim in 1928 
and subsequently named afterthem. 1 The bàsic idea 
is illustrated in Figure 7. 



SiOj 



í 

3.25eV 



CONDUCTION 
BAND 



e e e 



VALENCE 
BAND 



r 

1 



4.7eV 




Figure 7. Energy band diagrams of the SÍ/S1O2 system in the neutral 
state (a), and during the store operation (b). 

The energy difference between the conduction and 
valence bands in Si is about 1.1 eV; the energy 
difference between those bands in SiCfe is approximate- 
ly 9 eV. When the two materials are joined, the 
conduction band in SiCfe is 3.25 eV above that in Si. 
The differences in valence band energies is even 
larger(approximately 4eV). Since the thermal energy 
of an electron averages only 0.025 eV at room temper- 
ature, the chances of an electron in silicon gaining 
enough thermal energy to surmount the barrier and 
enter the conduction band in SiO^ is exceedingly 
small. This case is illustrated in Figure 7. 

Fowler and Nordheim pointed out that in the 
presence of a high elèctric field, the energy bands 
will be distorted as illustrated in Figure 7b. Under 
these conditions there is a small but finite probability 
that an electron in the conduction band in the silicon 
will tunnel through theenergy barrierand emerge in 
the conduction band of the SiCfe as is illustrated in 
Figure 7a. 

Fowler-Nordheim emission was observed early in 
this century for the case of electrons being emitted 
from metals into vacuum, and in 1969 Lenzlingerand 
Snow observed this phenomenon for the Si-SiO^ 
system. 2 The Fowler-Nordheim current increases 
exponentially with applied field and becomes readily 
observable (i.e. J—10" 6 A/cm 2 ) for the Si-SiCfe system 
for fields on the order of 10 MV/cm for the case in 
which the Si surface is smooth. 
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It has been known for some time that "enhanced" 
electron emission currents could be observed for 
Si-Sik systems for which the Si surface has a 
texture (Texture in this context means that the Si 
surface has features of the order of a few hundred 
angstroms.) These enhanced currents occur at ap- 
plied fields with vàlues smaller than one quarter of 
those necessary for the same current f rom a smooth 
surface. It has been thought that the enhanced 
emission occurs because of locally enhanced fields 
near the top regions of the features on the surface. 

Lewisattempted to model Fowler-Nordheim tunnel- 
ing from a textured surface by calculating current 
from a number of hemispheres set in a plane. 6 
Attempts to quantitatively fit experimentally observ- 
ed currents with this model have not been very 
successful. Hu, et al, for example, found that to fit 
their data to existing theory it was necessary to 
assume an energy barrier of approximately 1eV 
between conduction bands in Si and SÍO2. 7 Even with 
this assumption, the fit was poor because the 
measured current increased more rapidly than the 
calculated vàlues, as is illustrated in Figure 8. 
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Figure 8. Current vs. applied voltage for current from textured poly 
surface emitted through 1760 À of thermal Si0 2 compared with 
calculations based on previously available theory. 



Because of the importance of tunneling to the 
operation of its products, Xicor has felt it important 
to adequately characterize and model tunnel emis- 
sion from textured polycrystalline silicon (poly) 
surfaces. One avenue of exploration was that of the 
characterization of the physical topology of the 
tunneling structure. Figure 9 is a scanning electron 
micrograph of the top (emitting) surface of a layer of 
polysilicon from which the oxide has been removed 
for clarity. 




Figure 9. Scanning electron microscope (S.E.M.) photograph of top 
emitting textured poly surface with oxide removed. The 0.5 fj-long bar 
gives the scale 



As can be seen from the micrograph, this surface is 
composed of a densely packed array of features 
reminiscent of a cobblestone street. A count of these 
features on SEM photos of material from several lots 
determined that there is an average of about 50 
features per square micron. 
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A transmission electron microscope (T.E.M.) cross- 
section of atunneling structureisshown in Figure 10. 




Figure 10. Transmission electron microscope photograph of a cross- 
section through a textured tunneling structure. The one micron-long 
arrow shows the scale. 



This photo demonstrates the conformat nature of 
the structure. The top surface of the prior deposition 
of polysilicon is formed into a series of hillocks 200- 
300 K high and 1000-1500 X across the base. The f ree 
surface of the oxide grown on this silicon replicates 
the silicon surface. Thus, polysilicon deposit- 
ed atop the prior polysilicon layer subsequent to 
oxidation has dimples on its undersurface occurring 
over the already existing hillocks. 

The topology of the polysilicon surfaces causes 
the elèctric field lines to no longer be paral·lel as in 
the case of parallel emitting and collecting surfaces, 
but rather to diverge and converge in response to the 
local topology as is illustrated in Figure 11. 



Si 




\ \ \sío 2 ; 




Si 



Figure 11. Sketch illustrating themannerin which field lines converge 
near convex feature and diverge near concave features. 



As is shown, the field lines converge near surfaces of 
positive curvature (i.e., bumps) and diverge near 
surfaces of negative curvature (i.e., dimples). Since 
Fowler-Nordheim tunneling depends exponentially 
on the elèctric field at the surface of the polysilicon, a 
good model of the electron emission requires an 
accurate knowlege of the field over the complete 
surface. 

Until recently, this field problem was one of the 
unsolved problems of mathematical physics. (It is 
classically known as the "lighting rod problem"). 
Roger Ellis, a memberof the Xicorstaff, has recently 
solved this problem. 8 The technique used was to 
transform by differential geometry from Euclidean 
space into a space in which the field lines were 
parallel. The electrostatics problem was solved in 
this space and the solution transformed back into 
the original space. The tunnel current was found to 
be described, in a spherical coordinate system, by 
the equation 



q 3 E 2 



si' 877-h0 B 



exp< 



-4(2m) 
3nqE 



emitting 



ucoiiecung r- 

J s ds collecting 

where the elèctric field, E, is given by 
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E = 



f(s 2 ) -f(s,)L\ dr 
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is the curvature of the surface at which the field is 
evaluated. 9 

Thisexpression hasseveral interesting properties. 
One is that the field depends on the difference of the 
curvatures of the emitting and collecting surfaces. 
Another is that the elèctric field also depends on the 
derivative of the curvature of the emitting surface. 

To verify the accuracy of this expression, the 
current-voltage characteristics of a textured polysili- 
con tunnel structure were experimentally determined 
and compared with those predicted by equation 1. 
Because of the field enhancement on the bumps, a 
higher current is expected at a given app''ed voltage 
polariaty which causes electrònic emission from the 
bumps than for that polarity which causes emission 
from the dimples. Thus, by analogy which a diode, 
the polarity with the bumps negative (higher current 
emitted) is called the forward bias direction and the 
other polarity is called the reverse bias direction. 
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APPLIED VOLTAGE (VOLTS) 

Figure 12. Forward tunneling characteristic comparing the measured 
data with curves calculated for a concave and a planar collecting 
surface. 



Figure 12shows the results of comparing experi- 
ment and calculation for the forward bias condition. 
As can be seen, theory and experiment agree within 
about 20% over seven orders of magnitude in 
current. The parameters used in calculating the 
predicted currents were not arbitrarily chosen. The 
value of the oxide/silicon conduction band barrier, 
<t>B. was taken to be 3.15 eV as measured by 
Weinberg. 10 The feature density, 50///, and the bump 
base and height are typical of those seen on SEM's 
and TEM's such as Figures 9 and 10. The dashed 
line in Figure 12 is the current which would be 
predicted if the top (i.e., collecting) elèctrode were 
flat rather than dimpled. This illustrates the effect of 
curvature of the collecting surface on the field at the 
emitting surface. 



To further verify equation 1, the reverse bias 
current was measured on the same device as was 
used for the forward bias case. The results are 
compared with the predicted current in Figure 13. 




30 32 34 36 

APPLIED VOLTAGE (VOLTS) 

Figure 13. Reverse tunneling characteristic comparing the measured 
data with curves calculated for a concave and planar emitting surface. 



This shows about 20% agreement over eight orders 
of magnitude in current with the same parameters 
used as in calculating the forward bias case. Clearly, 
the model does an excel·lent job of predicting the 
measured current. 

Several points of interest can be observed in 
Figure 14. One point is that at a voltage at which the 
forward current is saturating, 25V, the reverse current 
is unobservable (extrapolation of the measured 
current predicts ~ 10" 27 A). Another point is that the 
current emission predicted from a flat top surface is 
greater than that predicted from a dimpled top 
surface. Moreover, the current emitted from a flat top 
surface decreases more slowly with decreasing 
voltage than that from a dimpled flat surface. This 
latter fact is important for data retention as will be 
discussed below. 

In summary, Xicor is able to accurately model the 
tunnel current emitted from textured poly surfaces 
through SiCfe layers. The magnitude of the tunnel 
current as well as its voltage dependence are depen- 
dent upon the surface topology. Thus, we have the 
means to optimize the emission characteristics. 
Lastly, the asymmetric nature of the tunnel emission 
makes possible celi designs which are better adapted 
to particular requirements than is possible with 
symmetric tunnel characteristics — just as a diode 
offers more design possibilities than does a resistor. 
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DATA RETENTION 

As was suggested above, textured poly tunneling 
structures have a significant advantage in data 
retention, in comparision with those employing flat 
surfaces and thin oxides. One basis for this advantage 
is illustrated in Figure 14. 




V A (VOLTS) 

Figure 14. Comparison of calculated tunneling J-Vcurves for emission 
Irom a planar and a textured structure. The devices were designed to 
have the same emission in the high current regime where programming 
takes place. 

in which the current voltage characteristics of a 
tunneling device which employs a thin oxide between 
planar surfaces and a tunneling device which 
employs a thick oxide between textured silicon 
surfaces are compared. For this comparison we 
match the currents in the high current regime, a 
reasonable criterion since most memòries are de- 
signed to program in about the same time period 
(—10 msec.) As can be seen, the same current can be 
obtained from a smooth surface with an 825 X thick 
tunnel oxide. Note however, that at lower vàlues of 
applied voltage typical of read and storage condi- 
tions, the current emitted from a textured surface is 
approximately four orders of magnitude lower than 
that from a smooth surface. This implies that a 
memory which utlizes tunneling from a textured 
surface should have better data retention and be less 
susceptible to disturb conditions than one which 
utilizes tunneling from a smooth surface. 
These differences may become even more signifi- 



cant as devices are scaled. It is clear that, in order to 
scale the memory properly, lower programming 
voltages are needed so that the isolation widths and 
device channel lengths can be reduced both in the 
memory array and in the peripheral circuitry. How- 
ever, for a typical part which stores data in 3 msec. 
and must retain it for 10 years, the tunneling current 
under storage and reading conditions must be at 
least 10 11 times smaller than under programming 
conditions because the retention time is 10 11 times 
longer than the storage time. Actually, for margin, 
one would design for a difference in currents of 10 13 
-10 14 . For planar surface tunneling structures, this 
may be a difficult design constraint because the 
slope of the J-V curve is fixed, which means that the 
maximum allowed read voltage drops with the pro- 
gramming voltage on a volt-for-volt basis, not propor- 
tionately. On the other hand, textured surface 
tunneling structures, in their current manifestation 
have a steeper J-V characteristic than planar ones 
and the J-V characteristic of a textured structure can 
be tailored to yield a steeper curve if desired. This 
means that for a given maximum read voltage, a 
textured structure requires a lower programming 
voltage which leads to better scaling. 

To verify the excel·lent data retention expected to 
Xicor NOVRAMs, a study was carried out to measure 
data loss as a function of temperature. Figure 15 
shows log cumulative data loss vs. log time for 
samplesof 100X2210's at each of three temperatures. 
Data loss is defined as occurring when the first bit in 
the array loses data. As is clear in Figure 15, quite 
high temperatures were required to get appreciable 
data loss in experimentally useful times. Note that 
even at 300° C, 2000 hours (~3 months) are required 
to begin to see data loss. 
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Figure 15. Log cumulative data loss vs. log f/me for three storage 
temperatures on samples of 100 X2210's. Data loss is defined to occur 
when the first bit in an array loses data. 
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Figure 16. Log data loss rate vs. inverse temperature for X2210's. 

Figure 16showsthe result of calculating failure rates 
based on these results and plotting vs. inverse 
temperature. Since the rates fall on a straight line, we 
can extract an activation energy and extrapolate to 
lower temperatures (see the next section for a 
discussion of activation energies). The result is that 
the experimental value of the activation energy is 1 .7 
eVand the mean time for data loss forthis mechanism 
(which we believe to be the fundamental loss mech- 
anism of this technology) is 3 million years for 
retention at 125°C. 



BASIC RELIABILITY 
CONCEPTS 

There are a couple of simple concepts bàsic to 
most reliability work. One is the long established 
observation that failure rates follow the bathtub- 
shaped curve illustrated in Figure 17. 



FAILURE 
RATE 




RANDOM 
FAILURES 



WEAROUT 



LOG TIME 

Figure 17. Illustration of bathtub curve of failure rates showing regions 
in which infant mortality, random failures, and wearout mechanisms 
dominate the failure rate. 

There is an infant mortality region characterized by a 
rapidly declining failure rate as the "weak" parts are 
eliminated from the population, a random failure 
characterized by an invariant or slowly declining 
failure rate, and a wearout region characterized by 
an increasing failure rate as the units reach the end 
of life. 

Each region of the failure rate curve has certain 
specific failure modes which predominate. Forexam- 
ple, the infant mortality region is dominated by 
failures which arise out of manufacturing defects. 
Table I gives a summary of the common failure 
mechanisms and stresses which may be used to 
accelerate the failure rates of the various mechanisms 
which have been culled from the literature. 11 14 

The clàssic parameter which is used to accelerate 
failure rates is temperature. It is known that a very 
broad class of failure mechanisms have a temperature 
dependence proportional to exp (-Ea/kT) where Ea is 
called the activation energy, k is Boltzmann's con- 
stant, and T is the absolute temperature. This is true 
because a number of bàsic physical phenomena 
such as diffusion rates and Chemical reaction rates 
have this dependence. The significance of this is that 
if the activation energy is known for the failure 
mechanisms in question, then the failure rates 
arising from these mechanisms can be measured at 
elevated temperature where they are high enough to 



be conveniently measured and extrapolated back to 
lower operating temperatures where the failure rates 
may be so low as to require an inconveniently large 
numberof devicehours to measure. The relationship 
which allows one to translate failure rates from one 
temperature to another is known as the Arrhenius 
relation. Figure 18 illustrates this relation for a 
number of common vàlues of activation energy. 
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Figure 18. Acceleration factor vs. temperature calculated for various 
activation energies from Arrhenius relation. 



RELIABILITY TESTING 

Four types of tests were conducted to establish 
the reliability of the parts: 

1. High temperature dynamic lifetest 

2. Data retention bake 

3. High temperature reverse bias 

4. Environmental 
These tests will be discussed in turn. 



Paí 1 1 irA 

Mechanism 


Type 


Energy 


uc icl* uui i 

Method 


lonic 
Contamination 


Infant/ 
Random/ 
Wearout 


1.0 eV 


High Temp. 
Bias 


Surface 
Charge 


Wearout 


0.5-1.0 eV 


High Temp. 
Bias 


Polarization 


Wearout 


1.0 eV 


High Temp. 
Bias 


Electro- 
migration 


Wearout 


1.0 eV 


High Temp. 
Operating Life 


Microcracks 


Random 




Temperature 
Cycling 


Oxiòe 
Rupture 


1 nf ant/ 
Random 


0.3 eV 


High Temp. 
Operating Life 


Silicon 
Defects 


Infant/ 
Random 


0.3 eV 


High Temp. 
Bias 


Oxide Defect 
Leakage 


Infant/ 
Random 


0.6 eV 


High Temp. 
Operating Life 


Electron 
Trapping In 
Oxide 


Wearout 




Low Temp.. 
High Voltage 
Operating Life 



7ab/e /. MOS Failure Mechanisms 



High Temperature Dynamic 
Lifetest 

This is the usual data from which failure rate 
predictions are made. For this to be a vàlid predictor 
of failure rate, the parts must really function in the 
manner in which they would in operation. Thus 
overly elevated temperatures at which the unit does 
not function internally are to be avoided, since this 
may lead to overly optimistic predictions. 

Xicor gathers this data at 125° C ambient which is 
within the known operating range of the units under 
test. The stimulus pattern consists of recalling a 
known pattern, writing a checkboard pattern over 
therecalled pattern bit by bit, reading the checkboard 
pattern, writing its complement, reading the comple- 
ment and then beginning over again. 

The units in lifetest are tested at 168, 500, 1000, and 
2000 hours to determine that they are still within 
specification. The first step of the readout tests is to 
recali the information stored in the nonvolatile 
section of memory to determine if the previously 
stored pattern is still retained. If so, the memory is 
completely exercised over voltage including verifica- 
tion of the STORE function. Finally, the predeter- 
mined pattern is restored to memory for the next 
lifetest period. 
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Data Retention Bake 

This test is sometimes referred to as a storage 
bake, but we prefer the term "data retention bake" 
because this better describes the principal function 
it serves in the case of electrically programmable 
nonvolatile memòries. 

In this test, a pattern is stored in the memòries and 
the memory is baked at 250° C with no bias applied. 
At intervals the memory is removed from bake, and 
the nonvolatile data recalled and checked for accu- 
racy. The data is not restored at readouts in order to 
ascertain the worst case retention. Since Xicor 
warrants cycling endurance of various vàlues, this 
test was performed on parts specified for 1000 cycle 
endurance which had performed 1000 complete 
data alterations, as well as on parts which had not 
received this treatment. 



HTRB 

HTRB stands for High Temperature Reverse Bias, 
a term which originated with bipolar circuits, in 
which case the test reverse biased the junctions of all 
of the input stages. For MOS circuits, a better term 
would be high temperature static bias. In this stress, 
which Xicor carries out at 150° C, Vss is grounded 
and a static positive voltage is applied to all of the 
input and outputs as well as to Vcc. This has the 
effect of applying a static bias equal to the power 
supply across the gate oxides of the circuit transistors. 
This stress is intended to expose failures which 
might occur as a result of drift of mobile iònic 
contaminants or latent defects in the gate oxides. 

It is known that many defects are accelerated by 
voltage as well as temperature. For example, it has 
been shown by Crook that the failure rate of oxide 
defects increases 10 7 times per MV/cm increase in 
the elèctric field. 15 For this reason, HTRB stresses 
were conducted with both 5.5V and 7.5V bias applied 
to the units under test. 



Package Environmental Tests 

The package environmental tests were done in 
accordance with MIL STD 38510 and MIL STD 
883/B Group C and D. Table II lists the tests, the test 
conditions and the acceptance criteria. The results 
column represents the summary of data from 3 lots. 
All lots passed the 883/B qualification criteria. 



Test 


Method 


Conditions 


LTPD 


Accept 

# 


Results 


Temp. 
Cycling 


1005 


Test Condition C 

(10 cvcle 
—65 to 125° C) 


15 


1/25 


0/80 


Constant 
Acceleration 


2001 


Test Condition E 
(30,000 g 
Y1 axis only) 






0/80 


Seal 
-Fine 
-Gross 


1014 


Test Condition B 
(5 X 10" 8 cc/min) 
Test Condition C 






2/80 
0/78 


Lead 
Integrity 


2004 


Test Condition B2 
(Lead Fatigue) 


15 


1/25 


0/78 


Seal 
-Fine 
—Gross 


1014 


Test Condition B 
Test Condition C 






0/78 
1/78 


Thermal 
Shock 


1011 


Test Condition B 

(15 cycles 
-55°Cto 125°C) 


15 


1/25 


0/76 


Temp. 
Cycling 


1010 


Test Condition C 
(100 cycles) 






0/76 


Moisture 
Resistance 


1004 








0/76 


Seal 
-Fine 
-Gross 


1014 


Test Condition B 
Test Condition C 






1/76 
0/75 


Internal 
Wàter 
Vapor 

Content 


1018 


5,000 ppm max. 
wàter content at 
100° C 




0/3 
or 
1/5 


0/17 


Mechanical 
Shock 


2002 


Test Condition B 
(1500 g peak 
3 axis) 


15 


1/25 


0/75 


Vibration 
Variable 
Frequency 


2007 


Test Condition A 
(20 g peak 
3 axis) 




1/25 


0/75 


Constant 

A ít-o I o ra tmn 
MLoulcIdllUI 1 


2001 


Test Condition E 




1/25 


0/75 


Seal 
-Fine 
-Gross 


1014 


Test Condition B 
Test Condition C 




1/25 
1/25 


2/75 
0/73 


Salt 
Atmosphere 


1009 


Test Condition A 


15 


1/25 


0/73 


Seal 
-Fine 
-Gross 


1014 


Test Condition B 
Test Condition C 






0/73 
0/73 


Adhesion of 
Lead Finish 


2025 




15 


1/25 
(# of 
leads 
from 
3de- 
vices) 


0/25 


Lid Torque 


2024 




15 


1/25 


0/25 



Table II. ENVIRONMENTAL TEST FOR 18 LEAD CERDIP PACKAGE 
MIL-STD-883B. Method 5005.7 Group D. 
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RESULTS 



Table 1 1 1 exhibits the results of dynamic life test on 
2300 units of X2210 and X2212. The data show a total 
of 4 failures in over 1.7 X 10 6 device hours. The 
causes of the failures were determined through 
failure analysis and are also listed in Table III. 

Tables IV and V show the results of 150°C static life 
test at 5.5V and 7.5V, respectively. No failures were 
seen out of 280 units tested with 5.5V applied bias, 
whereas one unit failed out of the 175 units tested 
with 7.5V applied bias. 

Tables VI and VII show the results of 250°C 
retention bakes before and after putting 1000 
program-erase cycles on units rated as being for use 
in 1000-cycle applications. The data on uncycled 
material shows the loss of 4 bits f rom 350 units baked 
for 1000 hours. The data on cycled material shows 
the loss of 4 bits from 175 units baked. These results 
are not statistically significantly different in overall 
failure rate, but examination of the form of the data 
shows a tendency for the failures in the cycled 
samples to be concentrated at early readouts, as 
might be expected for latent defects which had been 
accelerated by the high fields present during the 
store process. The data loss fraction through 1000 
hours at 250°C (which is equivalent to 1.08 X 10 6 
hours at 70°C for the 0.6 eV failures observed) is seen 
to be in the range of 1-2% which is about half that 
reported previously for EPROM's. 16 Results reported 
for other E 2 PROM technologies would indicate that 
the present results are greatly superior to retention 
observed on the other technologies. 17 





48 Hr. 


168 Hr. 


500 Hr. 


1000 Hr. 


2000 Hr. II 
























Total 




#Fail 


#ln 


#Fail 


#ln 


#Fall 


#ln 


«Fall 


Win 


*Fall 


«In 


Hours 


Lot#1 (2212) 





105 





105 





105 





105 





•05 


2 X 10* 


Lot «2 (2212) 





25 





24 





24 





24 






22848 


Lot #3 (2212) 





25 





25 





25 





25 






23800 


Lot #4 (2212) 





25 





21 





16 





16 






15832 


Lot #5 (2212) 





25 





25 





25 





25 






23800 


Lot »6 (2212) 





25 





25 





25 





25 






23800 


Lot «7 (2210) 





25 





25 





25 





25 






23800 


Lot «8 (2210) 





25 





24 





24 





24 






22848 


TOTALS 





280 





274 





269 





269 





105 


3 7 • 10 5 



Table IV. STRESS 5.5 V HTRB AT 150° C 





48 Hr. 


168 Hr. 


500 Hr. 


1000 Hr. 






















Total 




#Fail 


#ln 


#Fail 


#ln 


#Fail 


#ln 


#Fail 


#ln 


Hours 


Lot #2 (2212) 





25 





23 





23 





23 


21896 


Lot #3 (2212) 


1* 


25 





23 





23 





23 


21896 


Lot #4 (2212) 





25 





23 





23 





23 


21896 


Lot #5 (2212) 





25 





25 





25 





25 


23800 


Lot #6 (2212) 





25 





25 





25 





25 


23800 


Lot #7 (2212) 





25 





24 





24 





24 


22848 


Lot #8 (2210) 





25 





25 





24 





24 


22968 


TOTALS 


1 


150 





144 





143 





143 


1.3 x 10 5 



a = single bit retention failure, leaky oxide -0.6 eV 

Table V. STRESS 7.5V HTRB AT 150°C 





168 Hr. 


500 Hr. 


1000 Hr. 


2000 Hr. 






















Total 




#Fail 


#ln 


#Fall 


#ln 


#Fail 


#ln 


#Fail 


#ln 


Hours 


Lot #1 (2212) 




353 





93 





93. 





93 


2.1 X 10 5 


Lot #2 (2212) 





385 





98 





98 





98 


2.3 X 10 5 


Lot #3 (2212) 





99 





99 





99 





99 


1.9 X 10 5 


Lot #4 (2212) 





279 





99 





99 





99 


2.1 X 10 5 


Lot #5 (2212) 





322 





99 





97 





97 


2 2 X 10 5 


Lot #6 (2212) 





283 





99 





99 





99 


2.2 X 10 5 


Lot #7 (2210) 


1° 


287 


1 c 


99 





98 





98 


2.1 X 10 5 


Lot #8 (2210) 





292 





99 





99 





99 


2 .2 X 10 5 


TOTALS 


3 


2300 


1 


785 





782 






17 X 10 6 



a = 2 units — single bit retention failure. oxide leakage. 0.6 eV 
b = 1 unit — single bit oxide breakdown. 3 eV 
c = 1 unit — single bit oxide breakdown, 0.3 eV 





48 Hr. 


168 Hr. 


500 Hr. 


1000 Hr. 


2000 Hr. 


#Fail 


#ln 


#Fail 


#ln 


#Fail 


#ln 


#Fail 


#ln 


#Fall 


#ln 


Lot #2 (2212) 





51 





51 





51 





51 





51 


Lot #3 (2212) 





49 





49 





49 


2" 


49 





47 


Lot #4 (2212) 





50 


1" 


50 





49 





49 






Lot #5 (2212) 





50 





50 





50 


1 c 


50 






Lot #6 (2212) 





50 





50 





50 





50 






Lot #7 (2212) 





50 





47 





47 





47 






Lot #8 (2210) 





50 





50 





50 





50 






TOTALS 





350 


1 


347 





346 


3 


346 





98 



a = 1 failure — single bit oxide leakage, 0.6 eV 
b = 2 failures — single bit oxide leakage, 0.6 eV 
c = single bit oxide leakage, 0.6 eV 



Table III. STRESS DYNAMIC LIFE TEST 



Table VI. STRESS 250°C BAKE "NO CYCLE" 
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48 Hr. 


168 Hr. 


500 Hr. 


1000 Hr. 


#Fail 


#ln 


#Fail 


#ln 


#Fail 


#ln 


#Fail 


#ln 


Lot #2 (2212) 


1" 


25 


1° 


24 





23 





23 


Lot #3 (2212) 





25 





25 





25 





25 


Lot #4 (2212) 


2° 


25 





23 





23 





23 


Lot #5 (2212) 





25 





25 





25 





25 


Lot #6 (2212) 





25 





25 





25 





25 


Lot #7 (2210) 





25 





25 





25 





25 


Lot #8 (2210) 





25 





25 





25 





25 


TOTALS 


3 


175 


1 


172 





171 





171 



a = single bit failure oxide leakage, 0.6 eV 
b = single bit failure oxide leakage, 0.6 eV 
c = 2 single bit failures oxide leakage, 0.6 eV 



Table VII. STRESS 1K CYCLES BAKE AT250°C 



CALCULATION 
OFPREDICTED 
FAILURE RATE 

There is no simple, one-step formula for inferring 
a predicted failure rate from the experimental data. 
Instead, the failures of each individual activation 
energy must be treated differently. The first step is to 
calculate the equivalent device hours at the ambient 
temperature of interest, utilizing the Arrhenius 
relationship discussed earlier. This calculation 
should be carried out for every mechanism observed 
or expected. Thus, for example, the calculation for 
the 0.3 eV activation energy oxide rupture mech- 
anism should be carried out whether this failure 
mechnaims is observed or not, since this mechanism 



is always anticipated in MOS integrated circuits. The 
extrapolation should be carried out utilizing the 
junction temperature at the ambient temperature of 
interest and not the ambient temperature itself. The 
upper confidence limit is then calculated for the 
failure rate for each activation energy. The upper 
confidence limits for the various activation energies 
are then summed for a total failure rate prediction. 
(The meaning of the "upper confidence level" is that 
with a certainty, or probability, of a certain level we 
can say that the true value is less than the stated 
value. Thus, the confidence level rate calculated is 
non-zero even for the case where no failures are 
observed, because we can't be sure that there will be 
none ) 

The results are tabulated in Table VIII based on the 
data tabulated in Tables lll-V. As is seen, these data 
lead to a predicted failure rate of 0.045%/1000 hours 
at 70°C ambient with a 60% UCL and 0.028%/1000 
hours at 55°C ambient with a 60% UCL. For com- 
parison with other vendors who may use expected 
vàlues, the expected vàlues of the failure rates are 
calculated to be .030%/1000 hours (300 FIT) at 70°C 
and 0.019%/1000 hours (190 FIT) at 55°C. 

In reducing these data, we made the extremely 
conservative assumption of applying noacceleration 
for the elevated voltage of the 7.5 V HTRB data. Had a 
voltage acceleration been applied, the predicted 
failure rates would have been lowered by another 
two orders of magnitude. Although this technique of 
data enhancement has been employed by some 
companies, the more conservative estimate has 
been used here. These results show that Xicor has 
attained on its NOVRAM products failure rates 
comparable to those reported by major suppliers on 
Standard volatile products. 18 " 20 



Activation 
Energy 

[eV] 


Hours at 
125°C 


Hours at 
150°C 


Number of 
Failures 


Equivalent 
Hours at 
70°C 


Expected 
Value of 
Failure Rate 
at 70°C 
[F.I.T.] 


60% UCL 
Failure 
Rate 

[F.I.T] 


Equivalent 
Hours at 

55°C 


Expected 
Value of 
Failure Rate 
at 55°C 
[F.I.T.) 


60% UCL 
Failure 
Rate 

[F.I.T] 


03 


1 71 X 10 6 


5 43 X 10 5 


2 


8 99 X 10 6 


220 


340 


1 35 X 10 7 


150 


230 


06 


1.71 X 10 6 


5 43 X 10 5 


3 


3.73 X 10' 


80 


110 


8.42 X 10 7 


40 


50 


1.0 


1.71 X 10 6 


5.43 X 10 5 





2 .69 x 10" 






1.05 X 10 9 






TOTAL 










300 


450 




190 


280 



Table VIII. RESULTS FOR TABLES lll-V 
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SUMMARY 

The data presented in this reliability report show 
that the data retention of Xicor's NOVRAM tech- 
nology is excel·lent. Even at as high a temperature as 
300°C, only about 2% lose data in 1000 hours. 
Theoretical grounds for expecting this result are 
discussed. The predicted expected failure rate at 
55°C is 190 FIT (.019%/1000 hours) for a value of 280 
FIT (.028%/1000 hours) at a 60% UCL. Finally, the 
cerdip packaging employed is shown to be capable 
of passing the Group Dqualification requirementsof 
MIL-STD 883B, Method 5005.7. 
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Cover Photo: Figure 7 Data retention vs. temperature for memory arrays 
fabricated with Xicor's technology. 



This report is based on data collected through September, 1983. 
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X2816A/04A PREL IMI NARY RELIABILITY SUMMARY 



by Bruce Prickett & 
John Caywood 



Introducti on 

The X2804A and X2816A are 4K and 16K electrically erasable programmabl e 
read only memòries (E^PROMs) organized as 512 x 8 and 2K x 8. These memòries 
operate on a single 5 volt power supply for all operations. Figures 1 and 2 
show the pin conf i gurati ons of the X2816A and X2804A and the functional 
diagram of the X2816A. Figure 3 is the package outline drawing for these 
parts. Figure 4 and 5 are bit maps which illustrate the physical location of 
the memory bits of the X2804A and X2816A respecti vely. 

Although Xicor introduced its X2816A and X2804A E 2 PR0Ms only recently, 
Xicor is an experienced manufacturer of E 2 PR0Ms. This is because the family 
of NOVRAMs (X2201A.X2210 and X2212) which Xicor introduced earlier all 
contained E 2 PR0Ms integrated together with static RAM on a bit-for-bit 
basis. The process technology and the 5 volt design techniques which had been 
developed for the NOVRAMs were carried over to the E 2 PR0M products. This 
experience enabled Xicor to introduce these 5-Volt only E 2 PROMs with a self 
timed write cycle that includes latched address and data buffers. By 
producing parts with these features in production quantities, Xicor has set 
the industry Standard for E 2 PROMs. 

Technol ogy 

These E 2 PR0Ms employ the same triple poly n-channel process which Xicor 
developed previously for NOVRAMs. With this technology, data is stored as the 
presence or absence of charge on a piece of second-level polysilicon which 
acts as a gate for a readout transistor. This piece of polysilicon is 
completely surrounded by ~ 1000 A of thermally grown SiOo» one of the best 
electrical insulators known. Charge is transferred onto and off of the 
storage gate by means of a quantum mechanical phenomenon, called Fowler- 
Nordheim tunneling. This phenomenon has been described in detail in recent 
publications. 1 " 3 

The operation of the celi can be explained in terms of the schematic 
diagram shown in Figure 6. First consider the left-hand read section. When 
the word select line (which is fabricated in third level polysilicon) is de- 
selected (i.e., low), the READ transistor is off. When the word select line 
is selected (i.e., high), conduction through the READ transistor depends on 
the charge on the floating storage gate. If the floating gate is charged 
negatively, the channel beneath it is in accumulation and no conduction 
occurs. This is read as a "0". If the floating gate is charged positively, 
the channel beneath it is in depletion and the channel conducts. This is read 
as a "1". The floating gate is programmed (i.e., charged negatively) by 
taking the Word Select line and source lines high while the poly 1 WRITE BIT 
line is held low. The floating gate is erased (i.e., charged positively) by 
taking the word select line high while holding both the source and WRITE BIT 
lines low. 
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As was explained in an earlier publication, tunnel current emitted from a 
textured surface inherently decreases more rapidly with decreasing voltage 
than does emission through thin oxide grown on a planar surface. This 
results in lower leakage currents from the floating gate during storage and 
during the read operation of the part. The excellent data retention which 
users may expect from Xicor E 2 PR0Ms is shown in Figure 7 where the log of the 
measured data loss rate is plotted vs. inverse temperature. The slope of a 
straight line passing through these data gives the thermal activation energy 
for intrinsic data loss in Xicor's technology: 1.7 eV. Extrapol ation of this 
line to lower temperatures suggests that the mean time before data loss should 
be 3,000,000 years at 125°C. Such extrapolations cannot be taken literally 
but clearly show that data will be retained as long as anyone cares for 
temperatures within the specified storage conditions. 

Xicor's textured poly technology also yields E 2 PR0Ms whose ability to be 
re-programmed (usually called "endurance") is good. Figure 8 shows the 
current conducted by a typical celi as a function of the number of times that 
celi had been programmed to a "0" or erased to a "1". As can be seen, the 
current conducted in the erased state begins declining noticeably at greater 
than a million cycles of data change, but after ten million cycles, the celi 
current in the erased state is still about 70 uA while the current in the 
programmed state is zero. These vàlues provide good margin to the 50 yA value 
which is the nominal value at which the sense amplifier circuit di sti ngui shes 
between "1" and "0". 

Reliability Study and Results 

p 

As was menti oned above, Xicor's E PROMs use the same process technology 
and design techniques as the Xicor family of NOVRAMs. Additional ly , these 
products are fabricated in the same wafer fab facility and assembled in the 
same assembly àrea with the same assembly technology and controls as the 
NOVRAMs. For these reasons, the E 2 PR0Ms should be expected to exhibit the 
same excellent long term reliability already demonstrated by Xicor's 
NOVRAMs. The reliability studies reported here were designed to corroborate 
this assumption. 

One further note is that the X2804A is a smaller version of the X2816A, 
created by designing a mask set which is just like the X2816A except that 3/4 
of the array and two address buffers are removed (i.e., the X2804A is not a 
fallout die from the X2816A production). Thus, the reliability study focused 
on the X2816A as the more sensitive reliability indicator since it has four 
times as many memory bits and about twice the active si li con àrea. 

Since the study illustrated in Figure 7 showed a strong acceleration in 
data loss at elevated temperatures, data retention was measured at 250°C. 
(For an activation energy of 1.7 eV, data loss at 250°C is accelerated 
1.4 x lo times with respect to 125°C.) Table 1 shows the results of data 
retention testing on two lots of material which was not intentional ly cycled 
and on two lots after 10,000 program/erase cycles. Although the sample is 
small, in neither case was any data loss observed, which corroborates the 
results of Figure 7. 

Two other types of stress tests which were conducted on the X2816A were 
high temperature reverse bias (HTRB) at 150°C and dynamic 1 i f e test at 
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show, no failures were observed in these tests for HTRB, and three units 
failed in 890,000 device hours of 125°C dynamic life test. 

The failure rate of the 2816 was estimated based on the data in Tables II 
and III. The method used is that discussed in some detail in RR502. The 
results, shown in Table IV, predict an expected failure rate of 15 F · I ·J· 
(.0015%/lQOO hr. ) at 70°C and 3 f.I.T. (.00032%/ 1000 hr. ) at 55^ Tïïe 
extrapolated vaTue for the 60% ÚÜL 57 tRe failure rates are 260 F.I.T. 
(.026%/1000 hr.) and 140 F.I.T. (.014%/1000 hr) at 70°C and 55°C ambient, 
respecti vely. The large difference between expected failure rate and 60% 
confidence level for the failure rate are an indication of the enormous number 
of device hours necessary to confirm the low failure rates observed. 

Summa ry 

The technology used in producing the Xicor X2816A and X2804A are 
reviewed. The reasons for expecting excellent data retention and good 
endurance are discussed. Finally, data are shown which confirm that these 
E 2 PR0Ms share the excellent long-term reliability already demonstrated by 
Xi cor's N0VRAM family. 
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Table I 



250°C RETENTION BAKE 





48 HOUR 




168 HOUR 




500 HOUR 




1000 


HOUR 




2000 


HOUR 




TOTAL 




#F AIL 


II T M 




// C ft T 1 

#FAIL 


//TM 

#IN 




#r AIL 


11 T M 

#IN 




#FAIL 


#IN 




#FAIL 


#IN 




HOURS 


Lot #1 


n 


D U 










n 









50 







50 




97600 


Lot #2 
(Cycled) 





24 







24 







24 







24 







24 




46848 


Lot #3 





20 







20 







20 







20 







20 




39040 


Lot H 
(Cycled) 





55 







55 







55 







55 







55 




1.1 x 10 E 


TOTALS 





149 







149 







149 







149 







149 




2.9 x 10 E 



Table II 
STRESS 5.5V HTRB AT 150°C 





48 HOUR 




168 HOUR 




500 HOUR 




1000 


HOUR 




TOTAL 
HOURS 


#r AIL 


#IN 




#FAIL 


#IN 




#FAIL 


#IN 




#FAIL 


#IN 




Lot #1 





25 







25 







25 







25 




23800 


Lot #2 





25 







25 







25 







25 




23800 


Lot #3 





105 







105 







105 







104 




99460 


Lot #4 





25 







25 







25 







25 




23800 


TOTALS 





180 







180 







180 







179 




1.7 x 10 5 
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Table III 
DYNAMIC LIFE TEST AT 125°C 





168 \ 


10UR 




500 \ 


ÍOUR 




1000 


HOUR 




2000 


HOUR 




TOTAL 

uAiinc 

HUUKb 


#FAIL 


#IN 




#FAIL 


#IN 




#FAIL 


#IN 




#FAIL 


«TU 

#IN 




Lot #1 





159 







84 







84 







84 




1.7 x 10 5 


Lot #2 





152 







93 







93 




l a 


93 




1.9 x 10 5 


Lot #3 





75 







75 







75 







75 




1.5 x 10 5 


Lot #4 





388 







99 




l c 


99 







98 




1.3 x 10 5 


Lot #5 


l b 


387 







126 







126 










1.5 x 10 5 


TOTALS 


1 


1161 







477 




1 


477 




1 


350 




8.9 x 10 5 



a = column failure; iònic contami nati on ;1 eV 
b = stuck row; iònic contami nation ; 1 eV 

c = single bit retention failure; non-repeatable iònic contami nati on ; 1 eV 



Table IV 



Act i vat i on 
Energy 
(eV) 


1 25° C 


Hours at 


Njiiber of 
Fa i 1 ures 


Equi valent 
Hours at 
70°C 


Expected 
Value of 
Failure Rate 
at 70°C 


60% UCL 
Fa i 1 ure 

Rate 
at 70°C 


Equi valent 
Hours at 
55°Ç 


Expected 
Value of 
Failure Rate 
at 55°C 


60% UCL 
Fa i 1 ure 

Rate 
at 55°C 


.3 


8.9 x 10 5 


1.7 x 10 5 





4.78 x 10 6 


Oï/1000 


. 0195%/ 1000 


7.60 x 10 6 


0%/1000hr 


.012/1000hr 


.6 


8.9 x 10 5 


1.7 x 10 5 





2.26 x 10 7 


OX/1000 


.0041Ï/1000 


5.73 x 10 7 


0%/1000 


.0016/1000hr 


1.0 


8.9 x 10 5 


1.7 x 10 5 


3 


1.97 x 10 8 


.0015Ï/1000 


.0021%/1000 


9.29 x 10 8 


.O0032%/1000 


.00044/lOOOhr 


TOTAL 






3 




.0015Ï/1000 


.0257%1000hr 




.00032%/ 1000 


.014%/lOOOhr 
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Figure 1 
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Figure 2 



FUNCTIQNAL DIAGRAM X2816A (2K x 8) 
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Figure 4 : X2804A physical bit map. The arrangement of bits within 
each byte are displayed for column and suppressed for the other 
columns in which the arrangement of column is duplicated. 
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Figure 5 : X2816A physical bit map. The arrangement of bits within 
each byte are displayed for column and suppressed for the other 
col umns. 
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Figure 6: 



E 2 cel 1 schematic 
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Figure 7 : Data retention vs. temperature for memory arrays 
fabricated with XICOR's technology 
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Figure 8 : celi endurance data for a typical celi 
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Figure 9: 
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Figure 10 : Static life test bias diagram 




